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Abstract 

There is a need to examine the various methods used to characterize soil phosphorous (P) 

under conditions of high P loadings.  Specifically, soil test P (STP), P Site Index (PSI) 

and P-Saturation percentage (P-Sat) will be evaluated and compared in regards to the 

potential to meeting agronomic needs, and reducing soil P moving into water bodies. The 

implication of each on surplus P in animal production regions is also discussed. 

Excessive P loadings were evaluated using two different nutrient balance approaches. 

Data for specific counties with intensive animal agriculture in the Chesapeake Bay 

watershed in Maryland, Virginia, and Pennsylvania were used in this study. 

 

The Mid-Atlantic Water Program (MAWP) has developed county level P nutrient 

balances based on fertilizer and manure P inputs minus crop P removal for the counties 

evaluated in this study. Additionally, another set of nutrient balances were derived which 

incorporated STP levels. The authors also address the issue of surplus manure and 

manure-P and how to minimize the potential consequences of surplus P on the farmer. 

 

Introduction 

Background 
Pollutant reduction goals have been developed for the Chesapeake Bay states for many 

years yet the projected reductions in P have not been attained. Although P is an essential 

element for plant growth it must be in a plant available form for root uptake.  Soils may 

be able to retain large amounts of P, however, once soils are approximately 20-30% P 

saturated, the release of P to water rapidly increases (Beauchemin and Simard, 1999; 

Khiari et al., 2000; Kleinman and Sharpley, 2002; Beck et al., 2004, and Butler and 

Coale, 2005).   

 

Historically, farmers would add more than the P removed by the crop, to try to overcome 

P fixation. Manures contain both nitrogen (N) and P but in such a ratio that if manure is 

land applied to meet the N requirements of a crop, P is over applied (See Text Box 1). 

Additionally, with intensification of animal production on farms with limited land, 

manure application rates have exceeded both crop needs and P fixation capacities of soils 

(Sims et al., 2000).   

 

With the advent of inexpensive inorganic fertilizer following World War II, N and P in 

manure were usually not credited toward crop production requirements. During the 1970s 

and 1980s, emphasis was placed on crediting N in manure as long as erosion was 

controlled, because it was thought that P was primarily lost with sediment, as particulate 

P.  Thus, the scientific axiom was that if you controlled soil erosion you controlled P loss. 
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This remains valid for soils with P levels at, or marginally above, optimum levels for 

crop production and controlling erosion is still important in controlling particulate P loss, 

reducing sedimentation and maintaining soil quality.   

 

Since the mid-1990s, research has shown that both N and P need to be managed in 

manure applications and that dissolved P increases in runoff from soils with P levels 

several times above crop needs.  Usually, only soils that have a history of receiving 

manure or poultry litter have these extremely high P levels.   

 

Today, the basis for continued application of manure to high P soils is the cost of N or 

potassium (K) fertilizer and the lack of alternative uses for manure.  The need to use the 

manure generated on-site coupled with the increased cost of purchasing inorganic 

fertilizer has pushed the need for continued manure application on high P soils.  

 

Recently, concern has arisen over the potential for Peak Phosphorous comparable to Peak 

Oil (see Text Box 2). Phosphorous unlike oil can be recycled but also unlike oil there is 

no substitute for P in agriculture. Therefore, every effort needs to be made to assure that 

available P resources are used for their maximum agricultural benefit. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Penn Stateôs Agricultural Analytical Services Lab, 2009 

ÀHall and Lingenfelter, 2008 

 

Test Box 1.  Manure Application to meet Crop N Needs 

 

Manure (as poultry litter)  Application to a Low to Medium P Testing Soil 

 

What you need to know: 

Crop to Grow: Corn for Grain 

Yield Goal: 130 Bu/Acre 

Soil Test: 30 ppm-P (Mehlich III) 

Penn State Nitrogen Recommendation*: 130 lbs N/Acre 

Penn State Phosphorus Recommendation* :  50 lbs P2O5/Acre 

Manure Source: Poultry Layer 

Manure AnalysisÀ: 

N content 37 lbs/ton 

P2O5 content 55 lbs/ton 

 

Manure Applied to meet N Needs 

 

     3.5 tons manure   * 37 lbs N/ton = 130 lbs N (Recommendation is 130 lbs N/Acre) 

 

 

     3.5 tons manure * 55 lbs P2O5/ton = 193 lbs P2O5 (Recommendation is 50 lbs P2O5/Acre) 

 

Needed to meet N needs 

Amount of manure to meet N needs over applies P by 143 lbs P2O5 
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Phosphorus management tools 

The accuracy of various methods for evaluating the loss of P from agricultural soils has 

been debated (Sims et al., 2000; Maguire and Sims 2002; Nair and Harris 2004).  Soil test 

phosphorous (STP), phosphorus saturation percentage (P-Sat) and the Phosphorus Site 

Index (PSI) are three common measures used by regulators, the scientific community, 

and individual land owners to assess and manage the potential for P runoff.  STP 

measures the amount of plant available P that is needed by the crop to achieve 

economically optimum yields.  There has been debate regarding the environmental risk 

that can be associated with P application since application rates were developed to 

address optimum yield goals and not water quality protection.  However, application at 

recommended STP rates represents an environmentally sound ñpollution preventionò 

approach to P use, since only what is needed is applied, eliminating uncertainty in 

whether surplus P is subject to loss.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P-Sat can be used to estimate the degree to which P sorbing sites are saturated with P.   

Phosphorous does not pose an environmental risk when it is insoluble (ñfixedò) and 

erosion does not allow substantial sediment loss.  For there to be an environmental risk 

associated with the transport of P to surface waters, P must be in a form that can be 

Text Box 2. Peak Phosphorous 

 

Phosphorous is an essential nutrient not only for plants but also for animals. Around the 

world primary agricultural fertilizers contain some proportion of N-P-K.  The three largest 

reserves of phosphate rock are China, the United States and Morocco. Recent reports are 

raising concern about the potential to literally run out of this resource that would create a 

situation comparable to Peak Oil with the peak for phosphorous occurring around 2035. 

 

Comparing the two resources, phosphorous and oil, provides some interesting differences. Oil 

can be replaced with other forms of energy but there is no substitute for phosphorous as an 

essential nutrient for plants and animals. Maintaining or increasing yields from modern 

agriculture is dependent upon a readily available, large source of plant available phosphorous. 

Once oil is consumed it is gone but phosphorous can be recycled. 

 

Another interesting connection between oil and phosphorous is that as we react to a potential 

decrease in oil availability more crops and trees are grown for biofuel production which 

results in increased phosphorous consumption. It is important that P be recycled from biofuels 

in an efficient manner. 

 

No matter what tool is used to measure plant available phosphorous, or as an index of 

phosphorous movement into water ways, the overall goal should be to judicially use 

phosphorous resources, including manure phosphorous, to its maximum agricultural benefit. 

The potential also exists to use biofuels crops as ñrecyclersò of phosphorous and to develop 

technologies to ñrecycleò manure-borne phosphorous.  
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released to water.  The amount of P released
1
 when soil is in contact with water has been 

shown to increase exponentially, across a wide range of soil types, when the P-Sat is 

between 20 and 30% (Figure 1 adapted from Butler and Coale, 2005).   

 

When P is desorbed in the soil it is transferred to the soluble P pool.  Therefore, P 

application to soils with a P-Sat above the 20-30% range increases the risk of P 

dissolving in water that may be subject to runoff. P-Sat does not consider if the soil is 

situated in a position on the landscape that makes it hydrologically likely to contribute to 

runoff but it does identify soils with P levels in excess of crop needs that have a high risk 

of releasing P when the soil comes in contact with water. It is not as conservative as STP 

since it allows application above crop needs but P-Sat can be used to minimize the risk of 

soils having environmentally excessive P levels should they interact with runoff water.     
 

Figure 1.  P-Saturation and Dissolved P Release to Water (Adapted from Butler and Coale, 2003) 

 
PSI is a numerical index derived from a modeled relationship of many factors that 

influence the transport, source, timing and method of application of P which are used to 

identify critical source areas for P loss. Some of the factors which are accounted for 

include the amount of rainfall, erosion and runoff potential, soil type and texture, the 

form of applied P as well as the method of application, timing, and placement in the 

landscape.  A risk is then associated with the calculated PSI score to assess the potential 

for P to be lost from a field.  The PSI has been the P management tool recommended by 

The Organization to Minimize Phosphorus Loss from Agriculture (more commonly 

known as SERA-17) for about a decade and used by most states. This group prefers the 

                                                 
1
  It should be noted that this is not the only mechanism by which P can be released from a mineral.  While 

P will cease to sorb to mineral surfaces if binding sites are no longer available, P can also be released if the 

sorbing complexes solubilize.  Various environmental conditions will control the solubility of such 

complexes.   
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PSI because it is the only tool that considers hydrologic transport and thus is intended to 

rank the relative potential for P loss in runoff from a site. Applied as intended, it would 

move manure P application away from sites predicted to be high loss to those predicted to 

be lower loss. In a position paper supporting the use of  PSI over STP or P-Sat, SERA-17 

closes by saying that repeated P application that is beyond crop needs will increase the 

risk rating of a site over time making this tool unsustainable in the long run (Maguire et 

al., 2007).   

The PSI has been validated by individual studies that quantify the relationship between 

source and site variables to P losses which have been consolidated into a comprehensive 

tool (Maguire et al., 2007).  While each component of the tool has been scientifically 

supported by research, less validation has occurred for the transport component and there 

is limited testing of the tool at a watershed scale. It is also not clear that farm field 

layout/geography adequately segregates the critical source areas sufficiently to influence 

the results of the field-based PSI score. The PSI has been adapted for application on a 

state by state basis, so how it is applied and interpreted varies widely, even within 

regions.  It has been observed by the authors and those who are implementing the tool, on 

numerous occasions that fields with P-Sat well above 30% continue to receive manure at 

rates that maintain or increase P-Sat levels. In unpublished research on the lower Eastern 

Shore of Maryland, P runoff losses of about 20kg/ha (18lbs/A) have been measured on 

fields that have medium PSIs (typical ñhigh P losses are about 5kg/ha (4.5lb/A) 

(Kleinman, personal communication, 2009). Thus, while the PSI has been the method of 

choice for state and federal P-based nutrient management programs, considerable 

uncertainty and controversy remains regarding its use. It is evident that soil P-Sat levels 

are continuing to rise on soils at or above the 20-30% critical range for P release to water.        

Unutilized nutrients pose an environmental risk to waters.  PSI is an approach to land 

application that is based on estimating the relative risk for P loss in runoff from a field to 

surface water.  It is used to move application away from areas identified as relatively 

higher risk.  STP and P-Sat are approaches that can be used to determine application rates 

but do not attempt to quantify P losses from a field.  There is a need to more clearly 

define the difference between these approaches as well as to understand the implications 

of basing nutrient application rates on them.  

 

This report compares estimated manure P surplus based on STP to a nutrient budget 

developed by the Mid-Atlantic Water Program (MAWP) 

(http://www.mawaterquality.org/capacity_building/reg_nutrient_budgets.html). The 

MAWP nutrient budget estimates surplus P based on crop removal rates for selected 

counties with intensive animal production in the Chesapeake Bay watershed. We then 

estimate surplus P based on P-Sat derived from available STP data. We could not 

estimate surplus P from the PSI but assume it represents the current method, and risk 

categories (at least in Maryland and Virginia) were based on a desired distribution of 

samples in each category (Butler and Coale, 2005 and Jessiek et al., 2005). We also 

assume that the current P surplus, or deficit, reflects the widespread use of the PSI in the 

Bay states.   

 

http://www.mawaterquality.org/capacity_building/reg_nutrient_budgets.html
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Objectives 

¶ To compare estimates of surplus P in selected counties with intensive animal 

production in the Chesapeake Bay watershed if P applications were based on soil 

test P needs (STP), annual crop P removal or P-Sat percentage. 

¶ To compare manure surplus based on P management approaches above with 

current surpluses (qualitative assessment since current surplus is undocumented). 

¶ To determine the amount of surplus P by different animal types in each county 

¶ To estimate the amount of surplus P that would result under the three P 

management strategies discussed above. 

¶ To identify and discuss the pros and cons of alternative uses for surplus P that 

may offer economically viable options for non-crop use of surplus manure.       

 

Data and Methods 

Calculating Phosphorus Balances  

Phosphorus balances describing the major inputs and outputs of P to cropland were 

calculated for selected counties with intensive animal agriculture in Maryland, 

Pennsylvania and Virginia. MAWP has developed county level P balances for 

agricultural cropland in these states.  The balances that were calculated in this study 

differ from MAWP because they incorporate STP levels whereas MAWP balances are 

based on P removal by the harvested crop. The MAWP balances were used for 

comparison with the STP balances as well as a third approach to balancing P, based on 

long-term achievement of P-Sat levels below 20%. 

 

STP and MAWP calculate the P balance as the difference between the county level P 

inputs, which is the amount of P available for application from manure and fertilizer and 

the P outputs from cropland.  A balance with a positive value indicates that there is more 

P being applied than is removed by crops and hence a surplus of P.  Each balance applies 

the same input values from manure and fertilizer, but the P outputs are where the 

balances differ.  The P-Sat balance bases application decisions on the county P-Sat versus 

the critical P-Sat limits of 20% and 30%.  The balances are calculated as follows: 
 

STP Based P Balance = (Manure P + Fertilizer P) ï STP Crop Need 

 

MAWP  Based P Balance = (Manure P + Fertilizer P) ï Crop P Removed 

 

P-Sat based balance = application strategy to reduce P-Sat to <20%  

 

A discussion on the components of the methodology for both the STP and MAWP 

balances can be found in Appendix 1. 
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Results and Discussion 
The STP and MAWP balances both indicate an overwhelming surplus of P from manure 

and fertilizer in all of the counties evaluated in each of the three states (Table 1-3 and 

Figure 2).  Excess P is slightly larger in almost all cases for the STP balance compared to 

MAWP data. The STP balances are calculated using crop P need while the MAWP 

balances are calculated using crop P removal.  Since the inception of this manuscript new 

data has been published by MAWP for 2007.  This data has been included in the results 

and discussion for comparison purposes. 
 

Table 1.  Surplus P Comparisons between STP and MAWP Balances in Maryland 
 

Maryland  

County 
STP Balance* 

(Tons of P) 

MAWP Balance 2002À 
(Tons of P) 

MAWP Balance 2007À 
(Tons of P) 

Caroline 1,048 701 313 

Somerset 1,035 959 717 

Wicomico 1,184 1,235 870 

Worcester 994 641 547 
* STP Balance based on 2002 crop acres and 2002 soil tests data 

À MAWP Balance available at http://www.mawaterquality.agecon.vt.edu/index.php 

 

 
Table 2.  Surplus P Comparisons between STP and MAWP Balances in Pennsylvania 

 

Pennsylvania 

County 
STP Balance* 

(Tons of P) 

MAWP Balance 2002À 
(Tons of P) 

MAWP Balance 2007À 
(Tons of P) 

Adams 2,585 2,381 689 

Franklin 1,983 1,947 1,402 

Lancaster 6,658 5,211 3,298 
* STP Balance based on 2002 crop acres and 2007soil tests data 

À MAWP Balance available at http://www.mawaterquality.agecon.vt.edu/index.php 

 

 

Table 3.  Surplus P Comparisons between STP and MAWP Balances in Virginia 

 

Virginia  

County STP Balance* 
(Tons of P) 

MAWP Balance 2002À 
(Tons of P) 

MAWP Balance 2007À 
(Tons of P) 

Augusta 981 1,601 1,205 

Page 1,240 1,242 1,176 

Rockingham 4,700 4,464 3,587 

Shenandoah 559 688 576 
 

* STP Balance based on 2002 crop acres and 2007 soil tests data 

À MAWP Balance available at http://www.mawaterquality.agecon.vt.edu/index.php 

 

 

 

 

 

http://www.mawaterquality.agecon.vt.edu/index.php
http://www.mawaterquality.agecon.vt.edu/index.php
http://www.mawaterquality.agecon.vt.edu/index.php


 
 

 8 

Figure 2.  Surplus P Balance Comparisons 

 

 
 

If counties are using all of the manure generated, the application rate of excess P, as 

determined by STP balance, is presented in Table 4. Excess P is also shown as a fertilizer 

equivalent, as surplus P2O5.   This is an annual rate of P that is land applied in excess of 

the STP recommended crop P needs.  For example, in Page county, with the highest 

surplus per acre of cropland, each year after meeting agronomic P recommendations 

(excluding pasture), cropland acres would receive an additional 126 lbs P/acre/year, or 

291 lbs of P2O 5 /acre/year.   
 

Table 4.  Rates of Application for the Surplus P and Surplus P2O5 

 

STP Surplus P 

County lbs P/acre* 
lbs P2O5À/acre*  

(fertilizer equivalent) 

Maryland  

Caroline 17 39 

Somerset 45 105 

Wicomico 33 77 

Worcester 20 45 

Pennsylvania 

Adams 44 101 

Franklin 21 49 

Lancaster 40 92 

Virginia  

Augusta 21 49 

Page 126 291 

Rockingham 87 201 

Shenandoah 28 64 
* Acres are agriculture acres as defined in appendix 8a.  Pasture acres are not included.    

À - P * 2.3 = P2O5 
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Crop P removed, as estimated by MAWP, was usually higher than crop P need as 

estimated using STP (Appendix 2).  Additionally, the effect that the difference between 

the two balances will have over time is not evident from the given data.  STP is designed 

to bring soil test levels to optimum.  This requires minimal to no P application when STP 

values are above optimum.  STP recommendations to not apply P can even lower soil test 

levels below optimum but then application will again become recommended until STP 

once again returns to optimum.  Contrary to this, application of P based on a standard rate 

of removal will not lower STP but will result in maintaining or, possibly, increasing STP 

levels.  If soils are testing above optimum, the MAWP approach assumes application will 

continue at crop removal rates, based on reported yields, before considering P to be 

surplus.  Therefore, when MAWP P balances reach zero, manure and fertilizer P added 

will equal the amount of P removed by the crop and STP will stabilize at existing levels, 

which, for the counties evaluated, is dominantly very high or excessive.   

 

STP methods for balance calculations are conservative because a large portion of the P 

needed was assumed to go on low P soils (Table 5). If these soils received recommended 

rates, as assumed, they would not remain low in STP. This implies that nearly all of the P 

assumed to be going on low STP soils is actually additional surplus P since P was applied 

as recommended at all other STP levels. This would substantially increase differences 

between the MAWP and STP surpluses to be closer to expected. However, excesses are 

so large by both methods that the relative difference appears small.   

 

Table 5.   Crop P Need Attributed to Acres with Soils Testing Low for P 

* Assumes an average of 100 lbs P2O5/acre applied to any soil testing low for P which is based on nutrient 

recommendations for low testing soils across Maryland, Pennsylvania, and Virginia. 

 

 

Maryland  

County 

Acres with a low STP 

 
Application on low 

STP soils* (tons P) 

Total Crop P Need 

(tons) 

Total Crop P Need 

(%)  

Caroline 0 0 247 0 

Somerset 2,733 60 141 43 

Wicomico 9,248 203 336 61 

Worcester 2,027 45 192 23 

Pennsylvania 

County 

Acres with a low STP 

 

Application on low 

STP soils (tons P) 

Total Crop P Need 

(tons) 

Total Crop P Need 

(%)  

Adams 14,540 311 437 71 

Franklin 41,836 907 1,252 72 

Lancaster 49,273 1102 1,369 80 

Virginia  

County 

Acres with a low STP 

 

Application on low 

STP soils (tons P) 

Total Crop P Need 

(tons) 

Total Crop P Need 

(%)  

Augusta 15,648 344 1225 28 

Page 1,005 22 148 15 

Rockingham 5,497 121 604 20 

Shenandoah 5,086 112 411 27 
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STP may be a conservative pollution prevention approach to applying P, however, each 

state decides on the P recommended for each STP category and there can be substantial 

variation from state to state (Appendix 3).  All states qualitatively define an optimum 

STP as having enough plant available P to have a low probability of obtaining a 

profitable return from adding P.  As mentioned, only Pennsylvania recommends no 

fertilizer application at or above an optimum soil test level.  Maryland and Virginia both 

recommend some application for soils testing optimum (called ñmediumò in 

Virginia).Virginia also recommends additional P application on high testing soils.  When 

STP based balances were recalculated for Virginia, assuming no application on soils 

testing high, STP based surpluses were greater in all counties except Augusta, as would 

be expected (Table 6).  
 

Table 6.  Surplus P as Calculated by the STP Based Balance with and without A pplication to High 

Testing Soils in Virginia  

 

County 

STP Balance 

Application on 

High STP Soils 

STP Balance 

No Application on 

High STP Soils 
MAWP Balance 

2002 

 

MAWP Balance 

2007 

 (tons of P) 

Augusta 981 1,348 1,601 1,205 

Page 1,240 1,308 1,242 1,176 

Rockingham 4,700 4,985 4,464 3,587 

Shenandoah 559 718 688 576 
 

In Table 6, the MAWP balances show a decrease in surplus P in every county from 2002 

to 2007.  Balances are generated as the difference between the acres harvested and the 

amount of manure and fertilizer P that is applied.  In 2007, yields and therefore acres 

harvested were higher, while fertilizer P (in all counties) and manure P (in some counties) 

inputs were lower. This resulted in a substantial decrease in the MAWP surplus that may 

be related to changes in P nutrient management.  Fertilizer prices in 2007 were very high 

and it is possible that some farmers reduced purchases based on this, however, the 

fertilizer P reduction is so large that we, nor MAWP can say with confidence that it is a 

real difference reflective of actual farm scale management changes.  It may also be 

possible that it is a result of a difference in fertilizer sales reporting from 2002 to 2007.  

The decrease in surplus P in 2007 is also attributed to an unusually large increase in crop 

harvest. The yield differences, variability in acres harvested and manure and fertilizer P 

are so great it is hard to discuss causal effects with confidence.  It is clear that yields, thus 

P removal, were relatively high in 2007 and relatively low in 2002, which attributed to 

much of the difference in surplus P. 
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Critical P Saturation Percentage  

Phosphorus Saturation Percentage (P-Sat) is correlated to STP and is indicative of the 

amount of P that will be released when soil is exposed to water.  Figures 4, 5 and 6 

illustrate the percent of soils in each county that have reached the critical P-Sat range 

(~20%).  From 1997 to 2002, Maryland subdivided soil test P results above optimum into 

three categories, all are described as excessive.  The highest soil test category, 250 FIV 

(Fertility Index Value), is equivalent to approximately 31% P-Sat.  Soils start testing 

excessive at 101 FIV which is equivalent to an 18% P-Sat.  Therefore, soils testing at 101 

FIV or higher represent all soil tests which are near the critical threshold for P release 

from soil when exposed to water.  For Caroline, Somerset, Wicomico and Worcester, this 

is 72%, 63%, 71%, and 80%, respectively, of all soils tested in each county were above 

18% P-Sat.  The Maryland soil testing laboratory only started reporting soil test values as 

FIV across the same six soil test ranges in 1997.  Therefore, reliable and comparable 

trends over time can only be shown from 1997 to 2002.  The number of samples above 

31% increased and those from 18-31% decreased during this period. While this is a 

limited observation period, it appears to indicate that the same soils were continuing to 

receive manure or litter and so more of those soils had >31% P-Sat. 
 

 

Figure 4.  Correlating Soil Test Results to P-Saturation Percentage in Maryland              
 

                             
 

The highest soil test category in Pennsylvania is 200 ppm or approximately 31% P-Sat.   

The second highest soil test category covers a broad range from 15% to 31% P-Sat  

While 15% P-Sat is slightly below the beginning of the critical P-Sat range, this 

distribution of samples is shown in Figure 5 to approximate the quantity of samples 

falling within the critical P-Sat range. There was no basis for interpolating results 

between 15 and 31% P-Sat. Pennsylvania was the only state to provide soil test data prior 

to 1990, which allowed evaluation of trends over a longer period. The trends over time 

(Figure 5) show an increase in soils with P-Sat in and above the critical range over time 

suggesting continued application of manure to soils with surplus P levels.  
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Figure 5.  Correlating Soil Test Results to P-Saturation Percentage in Pennsylvania                                 

                                       
 

In Virginia, the highest soil test category is 55 ppm which is equivalent to 18% P-Sat.  As 

shown in Figure 6, 21% of soils in Augusta, 41% Shenandoah, 50% in Page, and 65% 

Rockingham tested above 18% P-Sat, this is towards the lower end of the critical range. 

Soil test categories do not allow estimation of soils above 30% P-Sat but some insight is 

provided by Beck et al. (2004).  This study found surface soils under agricultural fields as 

high as 1,101 ppm (Mehlich I) in the Ridge and Valley region of Virginia, with a median 

of 244 ppm.  This converts to a median P-Sat in the Ridge and valley of 30%.   
 

Figure 6.  The Correlating Soil Test Results to P-Saturation Percentage in Virginia 

 

 
 

Phosphorous application based on P-Sat is not as conservative as STP because it allows 

application beyond optimum yields.  If application rates were based on P-Sat an 

environmentally justifiable strategy would be to maintain all P-Sat levels below or within 

the critical saturation range of 20 to 30%.  This type of approach would allow N-based 

application as long as P-Sat is below the critical range, 20%, limit application to P-based 

rates when soils test within the critical range (20-30%) and not recommend P application 

once soils exceed 30% P-Sat range until they return to 20-30%.  Estimates for surplus 

manure remaining after application based on STP and P-Sat rates are discussed below. 

 

Surplus Manure Estimates 
Converting surplus P from manure into an amount of surplus manure or litter more 

clearly defines the economic and environmental implications of addressing the surplus P 

Pennsylvania's Soils that are > 31% P Saturated  

0

20

40

60

80

100

Lancaster Adams Franklin

Counties

%
 o

fs
o

il
 s

a
m

p
le

s

1989/1990 2006/2007

Pennsylvania's Soils that are 15 to 31% P Saturated  

0

20

40

60

80

100

Lancaster Adams Franklin

Counties

%
 o

f 
s
o

il
 s

a
m

p
le

s

1989/1990 2006/2007

The Percent of Virginia's Soils that are > 18% P-saturated

0

10

20

30

40

50

60

70

80

90

100

Augusta Shenandoah Page Rockingham

Counties

P
-s

a
tu

ra
ti

o
n

 %

2002 2007



 
 

 13 

issue. While there is no completely accurate way to convert surplus P into surplus 

manure, standard estimates of manure P by animal type allows estimation of manure 

available by animal type to satisfy STP recommendations. In this study, manure and P 

generation were estimated for dairy cattle, broilers, layers, pullets, and turkeys.  Beef 

cattle and sheep and lambs were not included as these animals are typically not kept in 

confinement for extended periods in this region.  Horses and swine were not included 

because they comprise a small fraction of the total animal population (Appendix 4)  

Animal counts for the listed animal types provided from the 2002 Agricultural Census 

and are listed in Appendix 4 (United States Department of Agriculture, 2002).  Animal 

numbers were converted to animal units using USDA conversions (Appendix 5).  

 

The water content of different animal manures varies, which to a large degree affects the 

ability for it to be stored and transported.  Typically, the percent moisture of manures 

follows this sequence: 

Dairy > > Layer > Other Meat Poultry 

Due to their liquid or semi-solid state, local application of dairy manure was assumed 

first, followed by layer manure and then dry poultry litter in order to meet STP 

recommendations. Only animal manures were assumed to be used to meet P needs.  The 

quantities of surplus manure that would exist when application is based on STP and 

applied in this sequence are discussed below.   

Appendices 6a-6c provides estimates of animal manure and animal manure P generated 

by various animal sectors in each state.  Estimates of average daily manure production 

were based on typical manure nutrient analyses as described in the Penn State 2009-2010 

Agronomy Guide Section 2, Soil Fertility Management (Hall and Lingenfelter 2008). 

Animal numbers were provided by the Chesapeake Bay Program (CBP) Watershed 

Model Scenario Output Database, Phase 5.2 (Devereux, 2009).  MAWP provides total 

manure P generated by county, but it does not specify the manure P produced by each 

animal sector (ñNutrient Budgets for the Mid-Atlantic Statesò, Oct. 30, 2009).  Total 

manure P generated by county was compared to the MAWP total manure P generated.  

While estimates were not exact they were comparable.  In most cases, the estimates 

derived here were slightly larger (by ~ 10%) than the MAWP estimates.   

Tables 7a-7c compare the amount of manure P generated to the amount of P needed when 

based on STP crop needs.  On the Eastern Shore of Maryland, the amount of manure 

produced from dairies and layers in Caroline, Somerset, Wicomico and Worcester 

satisfies approximately 23, 14, 13, and 13% , respectively, of the STP crop need (Table 

7a).  This means that there is still an agronomic use for a fraction of the poultry litter 

produced.  The poultry litter alone provides approximately 4, 8, 4.5, and 6.5 times the 

total STP crop need in Caroline, Somerset, Wicomico and Worcester.  However, after 

satisfying the remaining STP crop need with this poultry litter, there still remains 60,520 

tons of surplus litter in Caroline, 73,587 tons of surplus litter in Somerset, 87,933 tons of 

surplus litter in Wicomico and 78,298 tons of surplus litter in Worcester, or a total of 

300,348 tons of total surplus litter. 
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Table 7a.   Manure Used to Satisfy STP Crop Need and Remaining Surplus in   Maryland*  

 

Caroline 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated (%) 

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 71,500 22 71,500 0 

Layers 51 0.25 51 0 

Meat Poultry 74,687 408 14,157 60,530 

TOTAL  146,238 431 85,708 60,530 

     

Somerset 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated (%) 

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 8,782 5 8,782 0 

Layers 1,042 9 1,042 0 

Meat Poultry 82,468 795 8,881 73,587 

TOTAL  92,292 809 18,705 73,587 

     

Wicomico 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated (%) 

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 21,085 5 21,085 0 

Layers 2,346 8 2,346 0 

Meat Poultry 109,397 442 21,463 87,933 

TOTAL  132,828 455 44,895 87,933 

     

Worcester 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated (%) 

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 4,236 2 4,236 0 

Layers 1,680 11 1,680 0 

Meat Poultry 90,710 639 12,413 78,298 

TOTAL  96,626 652 18,328 78,298 

* Additional calculations provided in Appendix 7a 

À Estimates based on manure analysis provided by Penn State 2009-2010 Agronomy Guide Section 2, Soil 

Fertility Management (Hall and Lingenfelter 2008). 

 

In Pennsylvania, there are many more dairy operations than in Maryland.  In fact, in 

Lancaster County there is more than twice as much manure P generated from dairy alone 

than is required by crop acreage if manure is applied based on STP crop need.  In Adams 

County, dairy manure P satisfies 52% of the STP crop need and in Franklin County dairy 

manure satisfies 91% of the STP crop needs (Table 7b).  Pennsylvania also has a number 

of layer operations.  In both Adams and Lancaster Counties, there is more manure P from 

layer operations than STP crop need.  If all STP crop needs are satisfied first using dairy 

manure followed by layer manure and then poultry litter, the remaining surplus tons of 

total manure is 47,156 tons in Adams, 2,180,831 tons in Lancaster, and 47,246 tons in 

Franklin, or a total of 2,275,233 tons, of which 84% (or 1,921,260 tons) of the surplus 

comes from high moisture dairy manure. It should be noted that neither the MAWP 
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analysis or this one consider application to pasture land so the surplus, particularly of 

dairy manure may be somewhat higher than actual but it is extremely likely that a 

substantial surplus, even of dairy manure, exists. 

Table 7b.  Manure Used to meet STP Crop Need and Remains as Surplus in Pennsylvania* 

Adams 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons/year) 

Dairy Cows 304,852 52 304,852 0 

Layers 38,493 107 17,405 21,088 

Meat Poultry 26,068 111 0 26,068 

TOTAL  369,413 270 322,257 47,156 

     

Lancaster 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 3,827,105 201 1,905,845 1,921,260 

Layers 142,356 126 0 142,356 

Meat Poultry 117,214 107 0 117,214 

TOTAL  4,086,675 434 1,905,845 2,180,831 

     

Franklin  

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 1,604,568 91 1,604,568 0 

Layers 26,469 26 9,216 17,253 

Meat Poultry 29,993 37 0 29,993 

TOTAL  1,661,031 153 1,613,784 47,246 

* Additional calculations provided in Appendix 7b 

À Nutrient content estimate from Penn State 2009-10 Agronomy Guide, Sec. 2, Soil Fertility Management 

(Hall and Lingenfelter 2008). 

 

Virginia also has a substantial number of dairy operations but minimal layer operations.  

In Rockingham County, there is twice as much manure P from dairy operations alone 

than needed to satisfy STP crop need.  For Augusta, Page and Shenandoah counties the 

dairy manure P satisfies approximately 46, 74, and 49% of the STP crop need (Table 7c).  

If layer manure P is then added, 48 and 54% of STP need is satisfied in Augusta and 

Shenandoah Counties while the dairy plus layer P over-satisfies the STP need in Page 

County.  In Augusta and Shenandoah there is still some poultry litter needed to meet crop 

P needs, however, for all counties the poultry litter supplies more than is required by STP 

crop need (and up to nine times the STP crop need in Rockingham County).  If all STP 

crop needs are met by using dairy manure then layer manure and then poultry litter, the 

surplus manure for Augusta, Page, Rockingham and Shenandoah is 53,463, 104,628, 

1,019,506 and 53,621 tons respectively, or a total of 1,231,219 tons, of which about two 
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thirds is high moisture dairy manure from Rockingham County.  As noted, neither the 

MAWP analysis or this one consider application to pasture land so the estimated surplus, 

particularly of dairy manure, may be somewhat higher than actual but it is extremely 

likely that a substantial surplus, even of dairy manure in Rockingham County, exists. 

Across all eleven counties studied in Maryland, Pennsylvania and Virginia, there is a 

total surplus of 18,575 tons of P compared to what is required by STP crop needs.   

Table 7c.  Manure Used to Satisfy STP Crop Need and Amount that Remains as Surplus in Virginia*  

  

Augusta 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 706,846 46 706,846 0 

Layers 1,249 1 1,249 0 

Meat Poultry 88,845 132 35,382 53,463 

TOTAL  796,940 179 743,476 53,463 

     

Page 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 100,978 74 100,978 0 

Layers 3,626 38 2,482 1,144 

Meat Poultry 103,485 1,331 0 103,485 

TOTAL  208,089 1,443 103,461 104,628 

     

Rockingham 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 1,416,982 208 679,794 737,189 

Layers 8,076 20 0 8,076 

Meat Poultry 274,241 898 0 274,241 

TOTAL  1,699,299 1,126 679,794 1,019,506 

     

Shenandoah 

Animal  

Manure GeneratedÀ 
(tons/year) 

STP Crop Need Fulfilled by 

Manure Types Generated 

(%)  

Manure Used 

(tons/year) 

Remaining Manure 

(tons) 

Dairy Cows 192,851 49 192,851 0 

Layers 1,573 6 1,573 0 

Meat Poultry 63,039 306 9,418 53,621 

TOTAL  257,463 360 203,842 53,621 

* Additional calculations provided in Appendix 7c  

À Nutrient content estimate from Penn State 2009-10 Agronomy Guide, Sec. 2, Soil Fertility Management 

(Hall and Lingenfelter 2008). 
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Surplus Manure based on P-Sat Application Rates 

P-Sat application rates assume N-based application rates for soils testing below the 

critical P-Sat range of 20-30% saturation, P-based application rates for soils testing 

within the critical P-Sat range, and no application for soils testing above the critical P-Sat 

range.  Since P-Sat is correlated to STP, P-Sat percentages estimated by the STP state soil 

testing breaks, were used (Beck et al 2004).  These distributions were assumed to 

represent the county land acres testing below, within, and above the critical saturation 

range.  For example, in Caroline county, a crop N need was calculated for 26% of the 

total acres and a crop P need was calculated for 43% of the total acres while no 

application was assumed for the remaining acres.   

 

Application rates are field and crop specific but to estimate the difference that a P-Sat 

based application rate would have in comparison to a STP based rate, assumptions were 

made that allowed development of two scenarios.  First assumption: a uniform N and P 

based rate would be applied to all acres, regardless of crop.  Second assumption: for acres 

that were not P limited (<20% P-Sat), N-based application was determined using two N 

rates to account for the range of manure rates that would typically occur given the mix of  

crops produced and their N requirements.  For the total acres testing below 20% P-Sat 

(approximately), N application was estimated at 75 lbs N/A and 125 lbs N/acre.   The P-

based rate was based on P removal rates for various cropping systems ranging from 60 to 

100 lbs P2O5/acre (Commonwealth of Virginia, 2005).  Third assumption: P application 

for soils testing within the critical P-Sat range was assumed to occur every two out of 

four years and was based on the average removal rate which was calculated to be 18 lbs 

P/acre/year (41 lbs P2O5/acre/year).  P-Sat based surplus manure for the Virginia counties 

could not be estimated using this approach since the highest testing category was 

correlated to 18% P-Sat so only estimates for Pennsylvania and Maryland counties were 

developed. Lastly, manure application again followed the sequence; dairy manure Ÿ 

layer manure Ÿ meat poultry litter to first fulfill the crop N need and then to fulfill the 

crop P need. 

 

Estimated manure N and P contents followed a similar method as described for previous 

estimates of surplus manure that were estimated by Hall and Lingenfelter (2008).  

Manure N content for dairy was determined by assuming the average of manure N in 

dairy cattle (lactating) and other cattle (dry).  For layers, it was the manure N from layers 

and for poultry litter it was the average litter N in broilers, pullets and turkeys.  However, 

there is one difference that did not have substantial impact on the estimates.  Since crop 

N needs were met by manure application of dairy manure, followed by layer manure and 

then poultry litter, some fraction of either dairy manure or poultry manure/litter could 

have remained to be used to fulfill crop P needs. Average P contents for dairy and layer 

manure and poultry litter were used to estimate the amount of manure P remaining when 

some portion of manure from an animal type remained after all N based application 

occurred.  This differs slightly from previous estimates of excess manure in that the 

average P content did not have to be assumed.   
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Based on the above assumptions the following tons of surplus manure and manure-P are 

shown in Table 8.  Surplus manure and manure-P generated under STP application rates 

is also shown in order to compare the magnitude of difference provided by each method.    
 

 

Table 8.  Surplus Manure and Manure P at STP and P-Sat Based Application Rates of Manure 

 

   Surplus Manure (tons) 

County STP Rate 75 lbs N/acre P-Sat Rate 125 lbs N/acre P-Sat Rate 

Caroline 60,530 12,528 0 

Somerset 73,587 61,481 50,732 

Wicomico 87,933 71,187 50,205 

Worcester 78,298 51,544 34,460 

Adams 47,156 0 0 

Franklin 47,246 48,565 24,772 

Lancaster 2,180,831 1,466,287 1,054,572 

   Surplus Manure Phosphorus (tons) 

County 

STP Rate 

Balance* 75 lbs N/acre P-Sat Rate 125 lbs N/acre P-Sat Rate 

Caroline 817 180 0 

Somerset 1,000 884 729 

Wicomico 1,194 1,023 722 

Worcester 1,059 741 495 

Adams 742 0 0 

Franklin 668 684 356 

Lancaster 4,573 4,123 3,806 

    
*  STP balance does not match balance in Tables 1-3.  The method used to derive results in Tables 1-3 

assumed inorganic fertilizer P plus organic manure-P were used to meet STP crop needs.  STP balance here 

matches numbers in Appendix 6a-6b.  The method used to derive results here assumes STP crop need is 

met solely through organic manure-P application.  

 

Table 8 indicates that application rates based on P-Sat allow more manure to be land 

applied than STP-based rates, resulting in a smaller surplus.  As stated earlier, we assume 

existing nutrient management requirements to represent the PSI-based approach, as all 

three states use their state PSI to determine if or by how much P application is to be 

limited. As stated previously, PSIs vary widely across the nation but the Bay states 

coordinated their indices so it is assumed they result in similar recommendations. Based 

on observation of numerous farms in Virginia and Maryland by the authors and the 

current approach to P management in the Bay states, it is clear to us that the P-Sat 

approach, described above, is more conservative than the current PSI approach and can 

be easily determined based on routine soil test results.   

 

In all three states, PSIs are not estimated unless STP is above some minimum value: STP 

FIV>150 in Maryland; STP > 200 ppm-P in Pennsylvania and STP > 55ppm-P in 
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Virginia (Coale et al., 2002; Wolfe et al., 2005; Weld et al., 2007).  All of these minimum 

values are above agronomic optimum. If a PSI must be determined, the results are 

categorized as a low, medium, high or very high risk for P transport from a field to 

surface waters in the three states.  All three states limit nutrient application to P crop 

removal if the PSI is high and prohibit P application if the PSI is very high. If the PSI is 

low, N-based application is acceptable.   

 

Application rates differ in the three states for medium PSIs but in all cases PSI allows 

rates that slow the rate of increase but continue to increase STP and P-Sat.  If the PSI, as 

developed and applied in the Bay states, accurately estimates the risk of loss consistent 

with loss rates needed to address local and Chesapeake Bay water quality impairments, 

then continued application, based on a field specific PSI would adequately reduce the risk 

of P loss to water. (However, it does continue to encourage build-up of STP far beyond 

levels needed for crop production.)  

 

As discussed earlier, there is limited data on the performance of the PSIs at watershed 

scales and field layout may not allow adequate discrimination of critical source areas 

within fields. The PSI is also sensitive to topographic slopes, infrequently estimating high 

or very high risk rating in flatter areas. In the Bay states, the breaks between the PSI 

classes were not based on a known relationship to P loss but appear to have been based 

on workload, management and economic factors.  This is best documented in Maryland, 

where the category breaks were set based on the results of 646 samples collected across 

the state and were set so that ~10% would be in the high and very high category and 

~20%  as medium (Butler and Coale, 2005) (Figure 9).  Similar to Maryland, Jessiek et 

al., 2005, found that 75% of the fields they tested in Virginia were categorized as having 

a low PSI. As a result of all these factors, questions have arisen about the efficacy of the 

PSI as a P management tool, at least as applied in the Bay states.    
 

Figure 9.  Frequency distribution of Maryland PSI ratings for 646 representative agricultural sites in 

Maryland (Cole et al. 2002)  

 

 

 

 

 

 

 

 

 

 

 

 

 

While it would be beneficial to calculate surplus manure generation under application 

rates based on PSI for comparison, it is not possible to provide such estimates given the 

format and availability of existing data.  PSI is reliant on numerous field specific data 

which is not publically available on a county-wide scale.  It is evident that application 
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rates based on STP crop needs are clearly the most conservative approach to applying P 

and would result in the greatest surplus P. However, it does limit application to crop 

needs which minimizes risk and also helps conserve P mineral resources that are being 

depleted, as discussed below. Applications based on the PSI, at least as applied in the Bay 

states, clearly allow continued application of P to soils with extremely high STP without 

confidence in the efficacy of the risk assessment tool. This also accelerates depletion of 

limited P reserves, as discussed below. Of the three approaches, it does appear to result in 

the lowest surplus P. P-Sat is an intermediate tool that allows application above the  

minimum needed for crop production (STP crop needs) but limits application over a 

fairly well established range at which release of P to water, should the soil come in 

contact with water, increases rapidly. It does not include the transport factors that are in 

the PSI and it does allow some application above needed levels that accelerates depletion 

of P resources compared to the STP approach. The amount of surplus P is lower than 

with STP crop need but higher than is currently occurring using the PSI in the Bay states.  

 

What Happens to the Surplus Manure?  

MAWP, STP based and the P-Sat balances indicate that there is surplus manure in the 

three geographic areas studied.  The findings of this study raise the question; where is all 

of the surplus manure currently going?  One source which has been largely unaddressed 

up to this point has been the state manure transfer programs.  Some states have 

established cost-share programs that subsidize the transport of excess manure to other 

farms (within and outside a county or state) or to alternative use facilities to avoid 

application to high P soils.   

 

For example, the Maryland Department of Agriculture has a well established manure 

transfer program.  In fiscal year 2009, Caroline County moved a total of 2,536 tons 

poultry litter out of the county with an additional 2,731 tons of dairy manure moved 

within the county (Astle, Norman, July 13, 2009, letter to Beth Horsey, Personal 

Communication). Exported manure represented 4%, 19%, 26%, and 18% of the STP 

based surplus manure in Caroline, Somerset, Wicomico and Worcester Counties.   

 

While transporting manure around and out of a county can address some nutrient 

imbalances, it does not address the overall large surplus that is being generated across 

state agricultural regions.  Secondly, it can be extremely expensive to transport manures, 

particularly liquid manures, the distances which are often needed in order to reach areas 

that have a nutrient deficit.  While manure and litter transport occurs in Pennsylvania and 

Vi rginia, data on tons of manure transported could not be obtained for these two states.   

 

Impact of including pasture acres on P balance 

Pasture acres were excluded from calculations in this study and for the MAWP budget. 

Since manure is sometimes applied to pasture, STP balances were re-evaluated to include 

pasture acres (Table 9).  Acres which were included as pasture land are identified in 

Appendix 8a.  Appendix 3 provides the crop P recommendations used for pasture acres.   
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Table 9.  The Estimated Effect of Including Pasture Acres on Crop P Needs and STP Balances 

 

County Total Acres Pasture acres 

STP Balance 

(tons) 

STP Balance 

(tons) 

all land no pasture 

Caroline 125,783 2,639 1,044 1,048 

Somerset 51,260 5,703 1,026 1,035 

Wicomico 72,973 1,833 1,177 1,184 

Worcester 103,021 1,660 992 994 

     

County Total Acres Pasture acres 

STP Balance 

(tons) 

STP Balance 

(tons) 

all land no pasture 

Adams 140,695 22,924 2,502 2,585 

Franklin 217,566 30,254 1,792 1,983 

Lancaster 390,843 56,964 6,426 6,658 

     

County Total Acres Pasture acres 

STP Balance 

(tons) 

STP Balance 

(tons) 

all land no pasture 

Augusta 238,586 146,541 0 981 

Page 46,746 26,647 1,151 1,240 

Rockingham 204,201 94,268 4,478 4,700 

Shenandoah 95,284 49,048 323 559 

 

 

The largest difference between STP balances observed in Table 9 was seen in Virginia.  

These differences are mostly attributed to the large fraction of pasture acres found in 

these counties.  Pasture acres represent on average more than half the total agricultural 

acres.  However, differences across all counties are generally small.  This may be because 

nutrient recommendations on pasture land are typically lower than that for other field 

crops leading to the small differences across any STP balances.   

Estimates of surplus manure were made that took into consideration manure transfers out 

of the county and land application to pasture (Table 10).  Augusta has considerable 

acreage, approximately 39% of the total acres identified as agricultural acres in this 

study, as pasture (Appendix 9c).   There is so much pastureland that there is no surplus 

manure remaining.   
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Table 10.  Differences in Surplus Manure Remaining When Accounting for Application to Pasture 

and Manure Transfers* 

 

County 
Surplus ManureÀ 

(tons) 

Surplus ManureÀ 

(tons) 

 all land No pasture 

Caroline 57,697 60,530 

Somerset 59,004 73,587 

Wicomico 64,676 87,933 

Worcester 63,143 78,298 

   

County 
Surplus Manure*  

(tons) 

Surplus Manure*  

(tons) 

 all land No pasture 

Adams 40,297 47,156 

Franklin 31,461 47,246 

Lancaster 1,857,853 2,180,831 

   

County 
Surplus Manure*  

(tons) 

Surplus Manure*  

(tons) 

 all land No pasture 

Augusta 0 53,463 

Page 96,432 104,628 

Rockingham 574,030 1,019,506 

Shenandoah 33,801 53,621 

   *Manure transfer data is only accounted for in the  

   Maryland counties.   

   ÀExcess manure determined by assuming land application 

    occurs by using manures in the following order; dairy, 

    layers, other meat poultry.  Manure assumptions and  

   calculations are as previously described.   

 

 

Conclusions 

The most important thing to note in comparing the various methods for determining P 

balance is the large surplus of manure-P and manure that exists regardless of which 

balance method is used. Table 17 shows the surpluses based on STP balance.  
 

Table 17: Total Surplus Manure and Manure P as determined by STP based methods for the 

counties evaluated in Maryland, Pennsylvania and Virginia 

 

State Surplus Manure P*   

(tons) 

Surplus Manure*  

(tons) 

Maryland 4,070 300,348 

Pennsylvania 5,984 2,275,233 

Virginia 8,522 1,231,218 

        * Does not account for transport and application to pasture acres 

 

 The difference between the STP based and MAWP based balances is relatively small 

(average ~ 9%) but the STP approach would eventually reduce excess soil P levels to 
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optimal levels while the MAWP P removal approach would stabilize excess levels at 

what they are when the removal surplus equals zero.  When application rates are based on 

STP, with time, if no additional P is added to optimum or high P testing soils, the crop 

will assimilate available P from the soil, reducing optimum or excessive STP levels to a  

point where additional P could be recommended.  If crop removal P is applied to 

excessive testing soils, the available soil P will remain the same or may continue to 

increase and hence STP levels will never decline.  Under this scenario, many soils in 

these counties will continue to have P-Sat levels in or above the critical range of 20-30%.  

 

Even given the large surplus of P, STP balances are conservative because a large portion 

of the estimated P need is driven by low P testing soils.  Soils that test low are often not 

on fields which receive manure and fertilizer applications.  If more field specific soil test 

data were available, it is assumed that a smaller percentage of soils routinely receiving P 

would test low, lowering the overall P need, increasing the excess P and manure P.  

Additionally, STP is dependent on state specific fertilizer recommendations.  All states 

define optimum STP as an adequate nutrient concentration for crop growth.  There exists 

wide variation from state to state in terms of what is recommended for optimum crop 

growth.  Pennsylvania is the only state that recommends no fertilizer application when 

soils test at or above an optimum test level.  While basing nutrient recommendations on 

STP, ultimately each state Land Grant University establishes their own application rate 

recommendations.  

 

P-Sat is correlated to STP and can be used to estimate the release of P from soil to water.  

Regardless of soil type, the amount of P released from a soil increases exponentially 

when P-Sat reaches the critical range of 20-30%.  The lower end of this range is directly 

correlated to the first excessive STP category in Maryland, the optimum STP categories 

in Pennsylvania, and the very high STP category in Virginia.  Phosphorous application to 

soils that measure beyond optimum for STP, which for Maryland, Pennsylvania and 

Virginia, are those with at least a P-Sat of 20-30%, increases the risk for P desorption.  

 

Manure can be a beneficial resource, but when applied in excess, manure P accumulates, 

saturates the soil, and increasing its susceptibility to loss.  Given the difficulty of storing 

and transporting high moisture manures, like that produced from dairy and layer 

operations, it is advisable to use this source of manure locally prior to using drier poultry 

litter.  If crop nutrient needs were met solely though manure application (using high 

moisture manures first), surplus manure in the Maryland counties would range from 

60,530 tons in Caroline to 87,933 tons in Somerset.  The amount of P contained in all of 

the broiler litter produced in Maryland counties evaluated far exceeded what is needed by 

crops grown in these counties.  All Pennsylvania and Virginia counties except Augusta 

and Shenandoah can satisfy STP crop needs solely from the dairy and layer manure 

generated in their counties.  While these counties have larger dairy and layer populations, 

there is still substantial poultry manure being produced.  In all counties, except Franklin, 

poultry litter alone supplies at least double (and up to 14 times in Page) of the STP crop 

need.  Overall, on an annual basis, there is substantial surplus manure (3,806,799 tons) 

and manure-P (18,575 tons), as determined by STP methods across all 11 counties which 

will be susceptible to loss when applied to fields.   
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The PSI is the current tool that is used by most states when a regulatory assessment is 

required to determine the risk of P transport from fields to surface waters, despite the 

uncertainty and controversy regarding it use.  A more uniform and strategic approach is 

needed for interpreting PSI rating categories and providing corresponding management 

recommendations. Furthermore, PSI as a tool needs additional validation for the transport 

component as well as field testing at a watershed scale.  In practice it has been proven to 

allow continued P application far in excess of the critical 20-30% range for P-Sat.  

Should a more environmentally conservative approach to P management be deemed 

necessary, fields with surplus P that continue to receive more P from manure application 

based on PSI would have greater difficulty meeting new requirements. For soils with P-

Sat greater than 20-30%, adding more P based on PSI may result in increased loss. While 

STP was not designed to evaluate the risk of P loss, any application above what is 

recommended based on STP, poses some additional risk of environmental loss, with no 

economic return.  While this risk cannot be currently quantified or the magnitude 

estimated, we do know that the more P applied above crop needs, the greater the potential 

for loss.    

 

P-Sat is an approach that may limit P application on most soils to a greater extent than 

PSI but is not as restrictive as limiting application to agronomic recommendations based 

on STP. On average the P-Sat application rate allows anywhere from 22-100% of the 

surplus manure identified by STP to be land applied.  It is likely that a more conservative 

approach to P management will be expected by EPA and/or the Chesapeake Bay 

watershed states in the future, as recognized by Executive Order 13508; Executive 

Summary for Draft Reports Addressing Key Challenges to Chesapeake Bay Protection 

and Restoration, which was released by EPA (2009). Managing fields based at least on P-

Sat will better prepare farmers for future expectations rather than continuing to increase P 

levels on soils with greater than 20% P-Sat.   

 

Any effort to address soil P levels in counties with surplus P will necessarily result in a 

need for alternative uses for manures other than local application to cropland.  As noted, 

transport outside the production regions to areas with suboptimum P levels can provide a 

short term use for some of the surplus. However, transport is viewed as a short term 

solution since it is costly and as soil levels build in the closest P deficit areas, transport 

distance will be longer and if not carefully managed, it could expand the area with 

surplus P. As a result, much interest has developed in alternatives to use on cropland but 

currently, economically viable options are limited and may only offer markets for limited 

quantities. If a more conservative approach to P management is adopted, it will result in a 

substantial increase in surplus manure and litter in these animal production areas. It is 

likely that a transitional period with assistance programs will be needed to help farmers in 

managing surplus P, offsetting the cost of N and K that was in the manure/litter that they 

must buy. It is also critical that economically viable alternative uses, preferably 

community based with the farmer sharing in any profits generated, are developed that 

divert much of the manure/litter from local field application and perhaps concentrate the 

P in a form that can be recycled to help slow the rate of P resource depletion.   
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Currently, operational alternative uses include processing poultry litter into an organic 

nutrient source for retail products and direct combustion of litter to generate electricity.   

One operation in the Bay watershed is generating an organic nutrient source but has taken 

many years to develop a market while another venture failed. While a potentially feasible 

option, there is little evidence that this use can generate adequate demand to use the 

surplus in any one of the regions. Direct combustion to generate electricity, on the other 

hand, requires a long term commitment of a large portion of the poultry litter generated in 

any one production area and, to this point, still requires substantial subsidy to be viable. 

 

Recent research indicates that the emerging technologies of pyrolysis and gasification 

may offer community scale options to generate synthetic-gases, liquid biofuels and/or 

agriculturally usable by-products (e.g. ñbio-charò).  The ñbio-charò from pyrolysis 

appears promising as a slow release P source which can be transported long distances due 

to its low weight.  Phosphorous supply has recently received attention due to limited 

reserves worldwide.  These technologies remain unproven at a commercial scale but 

research is promising and the potential market is great. In addition, processes such as 

these may be well suited to community based systems where manure or litter is 

transported short distance to a central facility, with numerous facilities located throughout 

the production area. 

 

Regardless of what technologies prove to be commercially viable, it is essential that 

government and/or industry expand their investment in development of alternative use 

technologies quickly, if excess P is to actually be addressed in animal production areas. 

Reducing application without viable alternatives would impose a substantial 

unrecoverable cost on producers.  If alternative uses are developed, they will need to 

provide a sufficient return to the farmer to replace the cost of N and K needed by the crop 

that was being supplied by the manure. The long-term goal should be to make the manure 

valuable enough for alternative uses to allow purchase of replacement N and K. 

However, it may be necessary to provide cost share or other incentives to farmers who 

must stop manure application to their land because of excess P levels, regardless of which 

(more conservative) P application approach is used. 

 

While this study and numerous others document the need to address surplus manure 

borne P, it is evident that considerable investment in commercializing alternative 

technologies and offsetting the lost N and K value of the manure to the farmer must be 

part of such a program.  
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Appendix 1. Discussion of STP, MAWP and P-Sat balance approaches  

 

STP Based Balance ï Output Values = Crop P Need 

Crop P Need  

Crop P need is determined by the crop grown, its expected yield, and the amount 

of available soil P.  For each land use (alfalfa, corn for grain, corn for silage, 

soybeans, small grains, and tall grass hay, all described in more detail below) the 

following was calculated: 
(Crop Acres)*(% of L STP)*(Crop Specific P Recommendation for L STP Soil) 

+ 

(Crop Acres)*(% of M STP)*(Crop Specific P Recommendation for M  STP) 

+ 

(Crop Acres)*(% of Opt STP)*(Crop Specific P Recommendation for Opt STP) 

 

Crop specific P recommendations are provided by each state as pounds of P2O5 

/acre to be added to meet a given yield goal, itself based on a given STP category.  

A fertilizer recommendation was therefore calculated for the fraction of soils 

testing low (L), medium (M), and optimum (Opt) under each land use.  These 

fertilizer recommendations were then summed and converted to tons of elemental 

P, to establish the total county P need. 

  

The amount of available soil P is estimated by the soil test.  Soils that test low or 

medium contain less than the optimum concentration of available P for attaining 

maximum yield for a given crop.  These soils will require additional P to be 

applied to build and establish an optimum STP level.  Once this optimum level is 

established, additional P will not increase crop yield.  If soils test above optimum, 

similarly, additional P will not increase yields. With time, if no additional P is 

added to optimum or above optimum testing soils, the crop will assimilate 

available P from the soil, reducing optimum or above optimum STP levels to a 

point when additional P would be recommended.  If additional P is applied to 

above optimum testing soils, the available soil P will not be used by the growing 

crop and hence the STP levels will increase not decrease.  For all three states, no 

fertilizer is recommended for soils testing above optimum and hence there was no 

need to include this soil test and the associated acres when calculating the total 

county P need. 

  

MAWP Based Balance ï Output Values = Crop P Removal 

Crop Nutrient Removal  

Crop nutrient removal is calculated by MAWP as:  
 

Crop P Removed = Quantity of Crop Harvested * P removed per yield unit 

 

Crop P removal is based on the P calculated to be removed from cropland by 

crops harvested in a county.  The P removed per yield unit is a standard value that 

is based on the nature of the crop.  It assumes that there is a uniform P need for 

each crop type and yield.  Essentially, this method assumes that applied P is 

removed by the crop planted.  When P is applied to satisfy this type of crop P  
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need, STP continues to build because removal of existing available P is not 

accounted for.  

 

MAWP and STP Based Balance ï Input Values  

Values used for manure/litter and fertilizer P provides the input values for both the STP 

and MAWP based P balances.  These data were collected by MAWP and values from 

2002 are used here (ñNutrient Budgets for the Mid-Atlantic Statesò, Oct. 30, 2009) 

(TableA-1).  Manure P was calculated by MAWP as recoverable manure P produced by 

the animals in a county. Their calculations are based on standard manure production 

factors and animal populations as reported in United States Census of Agriculture.  

Fertilizer P is the estimated fertilizer use which is based on a variety of state and national 

fertilizer sales reports and from the 2002 U.S. Census of Agriculture.  Together, the 

manure and fertilizer P make up total P inputs.     

 
Table A-1.  Manure* and Fertilizer P Inputs by County 

Mid -Atlantic Water Program Phosphorus Inputs 

2002 

Maryland  Pennsylvania Virginia  

County Manure Fertilizer  County Manure Fertilizer  County Manure Fertilizer  

 (tons)  (tons)  (tons) 

Caroline 768 527 Adams 1,090 1,932 Augusta 1,882 323 

Somerset 1,095 80 Franklin 2,323 912 Page 1,357 31 

Wicomico 1,231 289 Lancaster 7,008 1,019 Rockingham 4,845 458 

Worcester 1,094 91    Shenandoah 822 147 
* Manure includes manure and litter 

 

Additional Data Sources Used to Calculate STP Based Balances    

A STP based P balance was estimated for each county below and compared with the 

corresponding county P balances generated by MAWP.  These counties were selected 

because: (1) they were in the top five surplus P counties in their states, (2) were located 

within the same region of the state, and (3) contained a majority of the stateôs animal 

operations.   

 

Maryland  

- Caroline 

- Somerset 

- Wicomico 

- Worcester 

 

Pennsylvania 

- Adams 

- Franklin 

- Lancaster 
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Virginia  

- Augusta 

- Page 

- Rockingham 

- Shenandoah 

 

Land Use Acres 

Land use acres were provided from the Chesapeake Bay Program (CBP) Watershed 

Model Scenario Output Database, Phase 5.2 (Devereux, 2009) and are based on cropland 

acres as defined by the U.S. Agricultural Census (2002).  The following categories were 

used for determining crop P needs in this project; alfalfa, corn for grain, corn for silage, 

tall grass hay, small grains, and soybeans.  Appendix 8a identifies which land uses, as 

defined by the U. S. Census of Agriculture (2002), are included in each category above.  

These particular groupings were made because individual state agronomic crop nutrient 

recommendations are made according to similar categories.  Refer to Appendix 9a, 9b, 

and 9c for the specific acres associated with each land use category in each county.   

 

It should be noted, that MAWP definition of cropland does not include pasture land.  

Appendix 8b provides the crops that were included by MAWP to account for the majority 

of the P removed from harvested cropland in each state.  For many counties, pastureland 

can cover considerable acreage, but nutrient application practices for pasture land vary 

widely, even within a county. To make the comparison among balances consistent, 

pastureland was not included when calculating STP crop needs.   

 

Soil Test Data 

STP data are given quantitatively and qualitatively as the relative availability of P and, 

when plotted versus yields, the expected crop response given further application of P.  

Soil test results are often meaningless by themselves and must be interpreted to known 

crop response under local conditions.  This is done by indicating if the quantitative 

measure of P is below, at, or above the concentration for optimum crop growth. Nutrient 

levels are described across a distribution of numerical ranges that are defined as above 

and below that which is optimum for crop growth.  Below optimum ranges are 

insufficient for optimal crop growth.  Increased yields can be expected when P is added 

to these soils.  Above optimum ranges represent soils with P levels in excess of crop 

needs for optimum growth.  Additional P is unprofitable and unfavorable because no 

increase in yield would be expected.  Each state employs its own soil test P methods, 

growth range ratings, and numerical standards for each range.  However, STP test ranges 

are comparable because they describe whether or not an increase in yield can be expected 

if additional P is applied and center on a common optimum for that given region.   

 

Summary STP data are given for each county and include all agricultural samples 

submitted to the soil testing lab for testing in that county (Tables A-2-A-4).  The specific 

numerical test reading for each sample was not provided.  Rather, the number of samples 

that fell into each test category, which describes the ability of the soil to supply plant 

available P to a crop, was provided.  It is expected that land use will affect the number of 
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samples that contain nutrients below which more is needed for optimum crop growth and 

those that contain excessive amounts of nutrients above that needed for optimum crop 

growth.  However, soil test data was not compiled according to land use.  Therefore, the 

STP balances had to assume that the soil test data distributions for the entire county were 

the same distribution that would be observed under any land use.   

 

Maryland  

County level soil test results were provided by the University of Maryland Soil 

Testing Laboratory.  The University of Maryland Soil Testing Laboratory closed 

in 2003.  Therefore the most recent soil test data were from 2002 and are the data 

used in this study (Table A-2).    

 
Table A-2.  Maryland Soil Test Results for Phosphorus  

Maryland*  

2002 

Phosphorus as FIV 

L M Opt Excess Excess Excess 

 
> Optimum 

0-25 26-50 51-100 101-150 151-250 250+  

County % of samples 

Caroline 0 6 20 20 23 29 72 

Somerset 6 9 13 7 17 47 71 

Wicomico 13 11 11 8 18 37 63 

Worcester 2 6 12 10 14 56 80 
*Phosphorus determined by a Mehlich I extract.  Soil test distribution is the cumulative sum of all field 

samples submitted for testing in the county.  Total number of soil sample was not provided.   

 

Since the lab closed in 2003, no electronic database was available to access 

historical soil test records.  Hard copies were provided by F. Coale (Personal 

Communication, April 2008).  The University of Maryland Soil Testing 

Laboratory employed the Mehlich I procedure for determining the levels of STP.  

Numerical test results are given as a fertility index value (FIV).  Fertility index 

values are set over a relative and continuous scale where the highest concentration 

within the optimum range for plant growth is set at a value of 100.   The 

qualitative ratings are broken into six categories, low (0-25 FIV), medium (26-50 

FIV), optimum (51-100 FIV) and three categories of excessive (101-150, 151-

250, and 250+).  Soil test results from each county are distributed as the percent 

of sample taken across the county that fall in each category.  Each test category is 

defined as follows; 

 

Low: The nutrient concentration in the soil is inadequate for optimum growth of 

most crops and will very likely limit plant growth and yield. There is a high 

probability of a favorable economic response to additions of the nutrient. 

 

Medium: The nutrient concentration in the soil may or may not be adequate for 

optimum growth of most crops. Plant growth and yield may be limited by the 

availability of this nutrient. There is a low to moderate probability of a favorable 

economic response to additions of the nutrient. 
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Optimum: The nutrient concentration in the soil is adequate for optimum growth 

of most crops. There is a very low probability of a favorable economic response  

to additions of the nutrient. 

 

Excessive: The nutrient concentration in the soil is more than adequate for 

optimum growth of most crops. Nutrient additions most likely will be unprofitable 

and may have undesirable effects on growth of some crops. 

 

Pennsylvania 

County level soil test results were provided by Penn State Soil Testing Laboratory 

(2009) (AASL Mail at Penn State University. ñHistorical county level soil P 

data,ò Message to Caitlin Kovzelove, April 2006,  E-mail).   The most recently 

available STP data was used and for Pennsylvania that was from 2006/2007 

(Table A-3).  Penn State Soil Testing Laboratory employs the Mehlich III  

procedure for determining the levels of STP.  Numerical test results are given as 

parts per million (ppm) elemental P and broken out into 4 categories; <30 ppm, 

31-50 ppm, 51-200 ppm, and >200 ppm.  Each test category is defined as follows; 

 
Table A-3.  Pennsylvania Soil Test Results for Phosphorus  

 

 Elemental P as ppm 

Pennsylvania* 

2006/2007 Ò 30 31-50 51-200 > 200 

 
> Optimum 

County Total samples % of samples 

Adams 81 12 14 60 14 74 

Franklin 197 22 18 52 7 59 

Lancaster 454 15 9 51 25 76 
* Phosphorus determined by a Mehlich III extract.  Soil test distribution is the cumulative sum of 

agricultural samples submitted for testing in the County.   

 

Below Optimum (<30 and 31-50) - the nutrient is probably deficient and the 

deficiency will likely limit crop growth. There is a high probability of a profitable 

return from correcting a low level. The recommendation for a low-testing soil is 

designed to gradually build up the nutrient level to optimum and to maintain it at 

that level. 

 

Optimum (51-200) - the nutrient is probably adequate and will likely not limit 

crop growth. There is a low probability of a profitable return from increasing the 

soil test level above optimum.  No maintenance fertilizer is needed when the soil 

tests in the optimum range. 

 

Above Optimum (>200 ppm) - the nutrient is more than adequate and will not 

limit crop growth. There is a very low probability of a profitable return from 

applying a nutrient to a soil testing above optimum. Consequently, no fertilizer is 

recommended on these soils.  
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Virginia  

County level soil test results were provided by Virginia Tech Soil Testing 

Laboratory (Steve Heckendorn, ñVA Soil P Data,ò Message to Caitlin Kovzelove, 

April 2006, E-mail).  The most recent test results provided by the laboratory were 

from 2007 (Table A-4).  Virginia Tech Soil Testing Laboratory employs the 

Mehlich I procedure for determining the levels of STP.  Numerical test results are 

given as pounds P per acre and are broken out into 4 categories; Low (0-11 

lbs/acre), Medium (12-35 lbs/acre), High (36-110 lbs/acre) and Very High (110+ 

lbs/acre).  When soils test low, plants almost always respond to fertilizer. When 

soils test medium, plants sometimes respond to fertilizer. When soils test high to 

very high, plants usually do not respond to fertilizer. 

 
Table A-4.  Virginia Soil Test Results for Phosphorus  

 

 

 

 

Elemental P as lbs/acreÀ 

0-11 

 

12-35 36-110 

 

110+  

Virginia * 

2007 L M H VH 

 
> Optimum 

County Total samples % of sample 

Augusta 1192 17 26 36 21 21 

Page 259 5 15 31 50 50 

Rockingham 862 5 8 23 65 65 

Shenandoah 326 11 15 33 41 41 
* Phosphorus determined by a Mehlich I extract.  Soil test distribution is the cumulative sum of agricultural 

samples submitted for testing in the county.   

À To convert lbs/acre to ppm multiply by 0.5 

 

Various extracting solutions are used by different laboratories to determine the amount of 

plant available nutrients.  Depending on the soil properties of a given region, certain 

extracting solutions are more appropriate than others.  Across Maryland, Pennsylvania, 

and Virginia the Mehlich I and Mehlich III are the two extracting solutions used by the 

Land Grant University Laboratories.  The chemical composition of the Mehlich I 

extracting solution is 0.05N HCl and 0.025N H
2
SO

4
.  It will  appropriately determine the 

amounts of P, K, potassium, calcium, magnesium, zinc, manganese, copper and boron in 

acidic, low cation exchange capacity soils.  These soil properties represent soils of the 

southeast region of the United States, where Mehlich I is commonly used (Alabama, 

Florida, Tennessee, Virginia, Georgia and South Carolina).  The chemical composition of 

the Mehlich III extracting solution is 0.2N CH
3
COOH + 0.25N NH

4
N0

3 
+ 0.015NNH

4
F + 

0.013N HNO
3
+0.001M EDTA.  The Mehlich III extracting solution can be used across a 

wide variety of soils, including calcareous soils with a pH greater than 7, whereas the 

Mehlich I extraction solution is not as effective for these types of soils.  Additionally, the 

Mehlich III generally extracts one and half to two times as much P as Mehlich I but for 

other elements the two solutions generally extract equivalent amounts.   Since different 

extracting solutions provide different results, conversions are available to provide 

accurate comparisons between STP results from various laboratories.   
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Crop Nutrient Recommendations 

Each state provides crop nutrient need recommendations based on the stateôs soil tests 

and expected yield goals for the major agronomic crops. Appendix 6 provides the P 

recommendations for each state while the following discussion provides the expected 

yields and underlying assumptions.   

  

Maryland  

Nutrient recommendations in Maryland are based on an expected crop yield and 

the method of application that is used to apply the nutrients. For each soil test 

value, a range of nutrients to be applied is given.  The mid-point of each range 

was used here.  The following assumptions for yields and method of application 

were made for each recommendation. 

 
Table A-5.  Crop Yields and Methods of Application chosen for Calculating STP based Balances in 

Maryland (adapted from Maryland Department of Agricultureôs Agronomic Crop Nutrient 

Recommendations Based on Soil Tests and Yield Goals, 2009) 

Crop Yield Method of application 

Alfalfa
*
  4 tons/A Top dress annually 

Corn GrainÀ 140 bu/A Using the total amount recommended for each 

method suggested.  

Corn Silage  

 

20 tons/A Using the total amount recommended for each 

method suggested.  

Soybeans  

(full season) 

 

20 bu/A Broadcast or 

banded at planting 

Small Grainsÿ  

 

Wheat 70-80 bu/A 

Barley 80-100 bu/A 

Winter Oat 70-80 bu/A 

Rye 30-35 bu/A 

Using the total amount recommended for each 

method suggested. 

Tall Grass Hay  

 

Orchardgrass 4 tons/A 

Reed Canary Grass 4 tons/A 

Fescue 5 tons/A 

Using the total amount recommended for 

orchardgrass, reed canary, and fescue.  Total 

amounts recommended are the same for each 

species. 
* Alfalfa ï Recommendations are for maintenance of alfalfa 

ÀCorn for grain - Nutrient recommendations are also applied to sorghum for grain acres.  The 

recommendations are the same except that a yield of 100 bu/A is expected for sorghum  

ÿSmall Grains - Nutrient recommendations are also applied to the sum acreage for barely, oats, rye, wheat, 

and winter wheat. The nutrient recommendations in Maryland are for small grains which consist of barley, 

oats, rye, and wheat.  

 

 

Pennsylvania 

Nutrient recommendations in Pennsylvania are based on soil test results and vary 

with the expected crop yield.  No nutrient recommendations are made for soils 

that test at or above optimum soil test levels (>50 ppm).  The average of the 

recommendations for soils testing 0 to 30 ppm was used for soils in the low soil 

test category and the average of the recommendations for soils testing 30 to 50 

ppm was used for soils in the medium soil test category.  Different from Maryland 

and Virginia (below), Penn State provides specific recommendations for each 
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small grain.  In this project, each unique recommendation was applied to its 

corresponding crop acres and summed to provide a single nutrient 

recommendation for small grains.  The following crop yield assumptions were 

made for each nutrient recommendation. 

 
Table A-6.  Crop Yields Chosen for Calculating STP Based Balances in Pennsylvania 

(adapted from Penn Stateôs Agricultural Analytical Services Lab, Soil Test Recommendations for 

Agronomic Crops, 2009) 

 

Crop Yield 

Alfalfa
*
  4 tons/A 

Corn GrainÀ 160 bu/A 

Corn Silage ÿ 21 tons/A 

Soybeans  40 bu/A 

Small Grains  

 

Barley 90 bu/A 

Oats 90 bu/A 

Rye 50 bu/A  

Wheat 55 bu/A 

Tall Grass Hay  5 tons/A 
 

* Alfalfa ï Recommendations are for established alfalfa 

ÀCorn for grain nutrient recommendations are also applied to sorghum for grain acres.  The 

recommendations are the same except that a yield of 130 bu/A is expected for sorghum.  

Conventional tillage is assumed for both corn and sorghum.  

ÿ Corn for Silage nutrient recommendations are also applied to sorghum for silage acres.   A yield 

goal of 23 tons/A is assumed for sorghum.  Conventional tillage is assumed for both corn and 

sorghum. 

 

Virginia  

Nutrient recommendations in Virginia are based on soil test results and the soil 

productivity grouping of the soil on which a crop is growing (Commonwealth of 

Virginia, 2005).  Nutrient recommendations are dependent upon soil productivity 

level (I, II, III, IV, or V).  The assumption was made that all land uses described 

in this study (alfalfa, tall grass hay, corn for grain, corn for silage, soybeans and 

small grains), would have a soil productivity level of II.  This assumption led to a 

higher P need per acre which results in higher recommended P application rates. 

Just as with nutrient recommendations for Maryland and Pennsylvania, a range of 

nutrients to be applied is given.  The mid-point of each range was used.    

 

 

 

P-Saturation Overview and Correlation to STP 

P-Saturation (P-Sat) is a useful environmental indicator which can be easily measured 

and estimated from routine soil test data because P-Sat is correlated to STP (Allen and 

Mallarino 2006; Beck et al., 2004). The soil test data used in this study from Maryland, 

Pennsylvania, and Virginia to estimate P-Sat percentages, were only available on a 

county-wide basis but not for individual field samples.  These data were presented as the 

distribution of samples falling across set numerical STP ranges.  Since no specific 

numerical test value was provided for each soil test falling in each set STP range, it was 
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determined that extrapolating from the pre-set ranges would not be appropriate.  

Therefore, only pre-determined upper and lower limits of P-Sat could be calculated.   

 

Virginia has established land application recommendations based on P-Sat percentages 

with corresponding STP values.  Maryland and Pennsylvania do not provide limitations 

based on these measures.  Therefore the relationship between P-Sat and STP identified by 

Virginia was used in Maryland and Pennsylvania.   The Virginia Nutrient Management 

Standards and Criteria (Commonwealth of Virginia, 2005) requires that no P application 

occur on soils with a P-Sat >65% and provides correlated STP values for three major 

physiographic regions.  These values were developed from the curvilinear relationships 

described by Beck et al (2004): 

 

VA Ridge and Valley 

P-Sat % = 4.107 * STP
 (0.2453 + 0.03217 * ln (Mehlich I ppm-P))

 

(r
2
 = .93 at 0.001 probability level) 

VA Middle and Upper Coastal Plain and Piedmont 

P-Sat % = 3.636 * STP 
(0.2241 + 0.04537 * ln (Mehlich I ppm -P))

 

(r
2
 = .98 at 0.001 probability level) 

VA Eastern Shore and Lower Coastal Plain 

P-Sat % = 0.959* STP
 (0.7469)

 
(r

2
 = .75 at 0.001 probability level) 

 

These relationships were used to determine the P-Sat percentages from the STP data 

provided from Maryland, Pennsylvania, and Virginia.  STP in the above equations is 

based on a Mehlich I STP measured in ppm.  Each state uses its own procedures and 

reports soil test P in various units. For consistency, Pennsylvania data was converted to 

an equivalent of the Virginia Mehlich I ppm P units.   

 

P-Saturation Conversions 

The University of Maryland reported STP as FIV and uses a Mehlich I extract while 

Pennsylvania uses a Mehlich III extract and data is reported as ppm P.  Virginia Tech 

provides conversion factors for other state laboratory P test procedures (Donohue, 2000). 

The Mehlich III P procedure extracts approximately the same amount of P as Bray P1.  A 

conversion is provided for Bray P1 which is dependent on soil pH.  For this study, it was 

assumed that the typical pH range for agronomic soils is from 5.6 to 6.9.  The University 

of Marylandôs FIV is equivalent to a Virginia Tech STP in lbs P/acre which could easily 

be converted to ppm-P (lbs/A divided by 2 = ppm) (Sims et al., 2002).   

 
Table A-7.  Conversions for Phosphorus Reporting Units  

 

State Soil Test Phosphorus 

Method 

Reporting units Conversion 

Maryland Mehlich I FIV FIV/2 = VA Tech ppm- P 

Pennsylvania Mehlich III Elemental P - ppm Mehlich III P *0.75 = VA Tech ppm-P P 
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The regression for the VA Middle and Upper Coastal Plain and Piedmont was used to 

estimate the Maryland P-Sat for Caroline, Somerset, Wicomico and Worcester counties 

which are all contained within a similar physiographic region.   Similarly, the regression 

for the VA Ridge and Valley was used to estimate the Pennsylvania P-sat for Adams, 

Franklin, and Lancaster counties which are all contained within a physiographic region 

representative of the VA Ridge and Valley.  In Virginia, the Ridge and Valley Regression 

was used to estimate the P-Sat for Augusta, Page, Rockingham, and Shenandoah.  In 

Maryland, the highest STP category is 250 FIV which is equivalent to approximately 

31% P-Sat.  In Pennsylvania, the highest STP category is 200 ppm-P which is also 

equivalent to approximately 31% P-Sat.  These soil test categories for Maryland and 

Pennsylvania, therefore, capture everything that measures beyond the critical P-sat range 

of 20 to 30%, which is the point where soils begin to release P at a much higher rate 

when exposed to water.  In Virginia, the highest STP category is 55 ppm-P which is 

equivalent to approximately 18% P-Sat, or just near the low end of the critical P-Sat 

range. 

 

 It is also advantageous to look at those soils which fall within the critical P-sat range.   In 

Maryland, the first excessive STP threshold occurs at 101 FIV which is equivalent to an 

18% P-Sat.  In Maryland, soil test level categories roughly capture those soils which test 

within the critical P-Sat range (18-31% or 101-250 FIV) and those soils that test beyond 

the critical range (>31% or >250 FIV).   In Pennsylvania, the second highest STP 

threshold is 51-200 ppm which is denoted as optimum.  The lower limit of 51 ppm is 

equivalent to a 15% P-Sat.  While it is recognized that 15% P-Sat is slightly below the 

critical P-Sat range (20%), it is still shown to capture those soils that test within the 

critical P-Sat range. Given that the uppermost limit for STP in Virginia is 55 ppm or 18% 

P-Sat, there is no way to distinguish those soils that fall within the critical range and 

those which are already beyond the critical range.    
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Appendix 2.  STP Estimated Crop P Need and MAWP Crop P Removal  

 

Maryland  

County 

 

Acres* 

STP Estimated P NeedsÀ 
(tons) 

MAWP 2002 Crop RemovalÀ 
(tons harvested crop) 

Caroline 123,144 247 593 

Somerset 45,557 141 217 

Wicomico 71,140 336 285 

Worcester 101,362 192 544 

Pennsylvania 

County 

 

Acres 

STP Estimated P Needs 

(tons) 

MAWP Crop Removal Rate 

(tons harvested crop) 

Adams 117,771 437 640 

Franklin 187,312 1252 1288 

Lancaster 333,879 1369 2816 

Virginia  

County 

 

Acres 

STP Estimated P Needs 

(tons) 

MAWP Crop Removal Rate 

(tons harvested crop) 

Augusta 92,045 1225 605 

Page 20,099 117 146 

Rockingham 109,932 499 839 

Shenandoah 46,236 330 281 
* Total land use acres excluding pastureland 

ÀCrop Need and Removal are the different P output measured used by the STP and MAWP Balance 

methods.  Need is measured in tons because it is the total elemental P required by all agronomic crops 

growing in a county in a year.  Crop Removal is measured in tons harvested because it is the amount of 

biomass removed from the land in a county in a year.   
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Appendix 3.  Phosphorus Crop Recommendations by State 

 

Range of Fertilizer Recommendations for MarylandÀ 

  Low Medium Optimum Excessive Excessive Excessive 

  lb P2O5/acres 

Alfalfa  80 45 25 0 0 0 

Corn Grain  100 47.5 25 0 0 0 

Corn Silage  90 45 27.5 0 0 0 

Soybeans 100 62.5 32.5 0 0 0 

Small Grains  80 50 30 0 0 0 

Tall Grass Hay  105 40 20 0 0 0 

Pasture 75 37.5 25 0 0 0 
À - Midpoint of recommendations for each range described is used 

 

 

Range of Fertilizer Recommendations for PennsylvaniaÀ 

 Low Medium Optimum Excessive 

 Ò 30 31-50 51-200 > 200 

 lb P2O5/acres 

Alfalfa 115 25 0 0 

Corn Grain 99 25 0 0 

Sorghum for Grain 104 30 0 0 

Soybeans 80 15 0 0 

Corn for Silage 123 30 0 0 

Sorghum for Silage 139 45 0 0 

Barley 91 20 0 0 

Oats 106 30 0 0 

Rye 80 20 0 0 

Wheat 90 20 0 0 

Tall Grass Hay 140 30 0 0 

Pasture 116 15 0 0 
À - Average of recommendations for each range described is used 

 
Range of Fertilizer Recommendations for VirginiaÀ 

 soil productivity level I and  II 

 Low Medium High Very High 

 lb P2O5/acres 

Alfalfa 110 80 50 0 

Tall Grass Hay 110 80 50 0 

Pasture 110 65 0 0 

Corn for Grain 120 80 40 0 

Corn for Silage 170 120 70 0 

Soybeans 100 60 30 0 

Small Grains 100 60 30 0 
  À - Midpoint of recommendations for each range described is used 
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Appendix 4.  Animal Units by Animal Type for Each County Studied 

 

Caroline  Somerset 

Animal  Animal Units %  Animal  Animal Units % 

Broilers 18,733 76  Broilers 21,205.22 93 

Layers 11 0  Layers 219.56 1 

Pullets 330 1  Pullets 136.90 1 

Turkeys 0 0  Turkeys 0.00 0 

Dairy Cows 4,161 17  Dairy Cows 565.11 2 

Horses 1,232 5  Horses 230.00 1 

Swine 191 1  Swine 435.88 2 

TOTAL  24,658  TOTAL  22,793 

       

Wicomico  Worcester 

Animal  Animal Units %  Animal  Animal Units % 

Broilers 28,028 87  Broilers 22,939 92 

Layers 494 2  Layers 354 1 

Pullets 222 1  Pullets 319 1 

Turkeys 16 0  Turkeys 0 0 

Dairy Cows 1,220 4  Dairy Cows 272 1 

Horses 2,016 6  Horses 929 4 

Swine 110 0  Swine 126 1 

TOTAL  32,106  TOTAL  24,940 

 

Adams  Franklin  

Animal  Animal Units %  Animal  Animal Units % 

Broilers 6 0  Broilers 1,866 2 

Layers 8,112 18  Layers 5,578 5 

Pullets 219 0  Pullets 994 1 

Turkeys 11,016 25  Turkeys 6,452 5 

Dairy Cows 17,221 39  Dairy Cows 87,674 72 

Horses 6,163 14  Horses 3,050 3 

Swine 1,864 4  Swine 16,083 13 

TOTAL  44,603  TOTAL  121,699 

       

Lancaster     

Animal  Animal Units %     

Broilers 17,195 5     

Layers 30,001 9     

Pullets 5,206 2     

Turkeys 2,606 1     

Dairy Cows 210,790 62     

Horses 24,591 7     

Swine 48,718 14     

TOTAL  339,108     
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Appendix 4.  continued 

 

Augusta  Page 

Animal  Animal Units %  Animal  Animal Units % 

Broilers 4,178 5  Broilers 18,895 47 

Layers 263 0  Layers 764 2 

Pullets 190 0  Pullets 389 1 

Turkeys 32,497 38  Turkeys 12,630 31 

Dairy Cows 42,401 50  Dairy Cows 6,399 16 

Horses 5,403 6  Horses 1,081 3 

Swine 64 0  Swine 233 1 

TOTAL  84,996  TOTAL  40,392 

       

Rockingham  Shenandoah 

Animal  Animal Units %  Animal  Animal Units % 

Broilers 34,421 19  Broilers 8,757 24 

Layers 1,702 1  Layers 332 33 

Pullets 898 0  Pullets 250 6 

Turkeys 61,396 34  Turkeys 12,462 1 

Dairy Cows 79,339 43  Dairy Cows 11,888 1 

Horses 4,863 3  Horses 2,161 28 

Swine 374 0  Swine 250 1 

TOTAL  182,993  TOTAL  36,098 

 

 

Appendix 5.  Animal Unit Conversions 
 

Animal Type 

Defined by 2002 CensusÀ Animals per Animal Unit  

Dairy cows 0.74 

Other cattle 2.08 

Broilers 455 

Pullets 352.5 

Turkeys 67 

Layers 250 
  À (United States Department of Agriculture, 2009) 
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Appendix 6a.  Manure and Manure P Generated in Maryland 

 

Caroline 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP 

Manure P 

Broilers 18,733 21 71,795 0.0136 979 

768 

Dairy Cows 1,814 106 35,082 0.0007 23 

Layers 11 26 51 0.0121 1 

Other Cattle 2,348 85 36,417 0.0009 32 

Pullets 330 48 2,892 0.0101 29 

Turkeys 0 12 0 0.0194 0 

TOTAL  23,235  146,238  1,064 

       

Somerset 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP 

Manure P 

Broilers 21,205 21 81,269 0.0136 1,109 

1,095 

Dairy Cows 4 106 78 0.0007 0 

Layers 220 26 1,042 0.0121 13 

Other Cattle 561 85 8,703 0.0009 8 

Pullets 137 48 1,199 0.0101 12 

Turkeys 0 12 0 0.0194 0 

TOTAL  22,127  92,292  1,141 

       

Wicomico 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP 

Manure P 

Broilers 28,028 21 107,418 0.0136 1,465 

1,231 

Dairy Cows 565 106 10,927 0.0007 7 

Layers 494 26 2,346 0.0121 28 

Other Cattle 655 85 10,158 0.0009 9 

Pullets 222 48 1,943 0.0101 20 

Turkeys 16 12 35 0.0194 1 

TOTAL  29,980  132,828  1,530 

       

Worcester 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP 

Manure P 

Broilers 22,939 21 87,915 0.0136 1,199 

1,094 

Dairy Cows 3 106 52 0.0007 0 

Layers 354 26 1,680 0.0121 20 

Other Cattle 270 85 4,184 0.0009 4 

Pullets 319 48 2,795 0.0101 28 

Turkeys 0 12 0 0.0194 0 

TOTAL  23,885  96,626  1,251 

À - Provided by Penn State 2009-2010 Agronomy Guide Section 2, Soil Fertility Management (Hall and 

Lingenfelter 2008). 
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Appendix 6b.  Manure and Manure P Generated in Pennsylvania 

 

Adams 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 6 21 24 0.0136 0 

1,090 

Dairy Cows 9,838 106 190,313 0.0007 126 

Layers 8,112 26 38,493 0.0121 466 

Other Cattle 7,384 85 114,539 0.0009 101 

Pullets 219 48 1,919 0.0101 19 

Turkeys 11,016 12 24,126 0.0194 467 

TOTAL 36,575  369,413  1,179 

       

Franklin  

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 1,866 21 7,153 0.0136 98 

2,323 

Dairy Cows 63,801 106 1,234,237 0.0007 815 

Layers 5,578 26 26,469 0.0121 320 

Other Cattle 23,873 85 370,331 0.0009 326 

Pullets 994 48 8,710 0.0101 88 

Turkeys 6,452 12 14,130 0.0194 274 

TOTAL 102,565  1,661,031  1,920 

       

Lancaster 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 17,195 21 65,901 0.0136 899 

7,008 

Dairy Cows 145,393 106 2,812,632 0.0007 1,856 

Layers 30,001 26 142,356 0.0121 1,723 

Other Cattle 65,397 85 1,014,473 0.0009 893 

Pullets 5,206 48 45,605 0.0101 462 

Turkeys 2,606 12 5,707 0.0194 110 

TOTAL 265,799  4,086,675  5,942 

À - Provided by Penn State 2009-2010 Agronomy Guide Section 2, Soil Fertility Management (Hall and 

Lingenfelter 2008). 
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Appendix 6c.  Manure and Manure P Generated in Virginia 

Augusta 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 4,178 21 16,012 0.0136 218 

1,882 

Dairy Cows 12,811 106 247,825 0.0007 164 

Layers 263 26 1,249 0.0121 15 

Other Cattle 29,590 85 459,021 0.0009 404 

Pullets 190 48 1,665 0.0101 17 

Turkeys 32,497 12 71,168 0.0194 1,378 

TOTAL 79,529  796,940  2,196 

       

Page 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 18,895 21 72,416 0.0136 988 

1,357 

Dairy Cows 446 106 8,627 0.0007 6 

Layers 764 26 3,626 0.0121 44 

Other Cattle 5,953 85 92,352 0.0009 81 

Pullets 389 48 3,410 0.0101 35 

Turkeys 12,630 12 27,659 0.0194 535 

TOTAL 39,078  208,089  1,689 

       

Rockingham 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 34,421 21 131,917 0.0136 1,799 

4,845 

Dairy Cows 48,595 106 940,062 0.0007 620 

Layers 1,702 26 8,076 0.0121 98 

Other Cattle 30,744 85 476,920 0.0009 420 

Pullets 898 48 7,865 0.0101 80 

Turkeys 61,396 12 134,458 0.0194 2,603 

TOTAL 177,756  1,699,299  5,620 

       

Shenandoah 

Animal  Animal Units 

Avg Dry Weight Manure 

Generated (lbs/AU/day) 

Manure Production 

(tons/year) 

% P of 

manure 

Manure P 

(tons/year) 

MAWP  

Manure P 

Broilers 8,757 21 33,561 0.0136 458 

822 

Dairy Cows 2,203 106 42,611 0.0007 28 

Layers 332 26 1,573 0.0121 19 

Other Cattle 9,685 85 150,240 0.0009 132 

Pullets 250 48 2,187 0.0101 22 

Turkeys 12,462 12 27,291 0.0194 528 

TOTAL 33,688  257,463  1,188 

À - Provided by Penn State 2009-2010 Agronomy Guide Section 2, Soil Fertility Management (Hall and 

Lingenfelter 2008). 
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Appendix 7a.  Manure and Manure P used to Satisfy STP Crop Need from Dairy and Poultry Animal Sectors in Maryland  

 Caroline 

Animal  

STP P Need 

(tons) 

Manure 

P (tons) 

STP Need Fulfilled 

by Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P 

Remaining  

 (tons) 

Manure P 

Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

247 

55 22 192 0 0 71,500 0 

Layers 1 0 191 0 0 51 0 

Meat Poultry 1,009 408 0 817 81 74,687 60,530 

Broilers 979 396 

TOTAL  146,238 60,530 Pullets 29 12 

Turkeys 0 0 

         

Somerset 

Animal  

STP P Need 

(tons) 

Manure 

P (tons) 

STP Need Fulfilled 

by Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P 

Remaining  

 (tons) 

Manure P 

Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

141 

8 5 133 0 0 8,782 0 

Layers 13 9 121 0 0 1,042 0 

Meat Poultry 1,121 795 0 1000 89 82,468 73,587 

Broilers 1,109 786 

TOTAL  92,292 73,587 Pullets 12 9 

Turkeys 0 0 

         

Wicomico 

Animal  

STP P Need 

(tons) 

Manure 

P (tons) 

STP Need Fulfilled 

by Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P 

Remaining  

 (tons) 

Manure P 

Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

336 

16 5 320 0 0 21,085 0 

Layers 28 8 291 0 0 2,346 0 

Meat Poultry 1,486 442 0 1,194 80 109,397 87,933 

Broilers 1,465 436 

TOTAL  132,828 87,933 Pullets 20 6 

Turkeys 1 0 
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Worcester 

Animal  

STP P Need 

(tons) 

Manure 

P (tons) 

STP Need Fulfilled 

by Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P 

Remaining  

 (tons) 

Manure P 

Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

192 

4 2 188 0 0 4,236 0 

Layers 20 11 168 0 0 1,680 0 

Meat Poultry 1,227 639 0 1059 86 90,710 78,298 

Broilers 1,199 625 

TOTAL  96,626 78,298 Pullets 28 15 

Turkeys 0 0 
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Appendix 7b.  Manure and Manure P used to Satisfy STP Crop Need from Dairy and Poultry Animal Sectors in Pennsylvania  

 

Adams 

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

437 

226 52 211 0 0 304,852 0 

Layers 466 107 0 255 55 38,493 21,088 

Meat Poultry 487 111 0 487 100 26,068 26,068 

Broilers 0 0 

Total 369,413 47,156 Pullets 19 4 

Turkeys 467 107 

         

Franklin  

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

1,252 

1,140 91 112 0 0 1,604,568 0 

Layers 320 26 0 209 65 26,469 17,253 

Meat Poultry 459 37 0 459 100 29,993 29,993 

Broilers 274 22 

Total 1,661,031 47,246 Pullets 98 8 

Turkeys 88 7 
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Lancaster 

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

1,369 

2,749 201 0 1,380 50 3,827,105 1,921,260 

Layers 1,723 126 0 1,723 100 142,356 142,356 

Meat Poultry 1,471 107 0 1,471 100 117,214 117,214 

Broilers 899 66 

Total 4,086,675 2,180,831 Pullets 462 34 

Turkeys 110 8 
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Appendix 7c.  Manure and Manure P used to Satisfy STP Crop Need from Dairy and Poultry Animal Sectors in Virginia   

 

Augusta 

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

1,252 

568 46 657 0 0 706,846 0 

Layers 15 1 642 0 0 1,249 0 

Meat Poultry 1,613 132 0 971 60 88,845 53,463 

Broilers 1,378 112 

Total 796,940 53,463 Pullets 218 18 

Turkeys 17 1 

         

Page 

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

117 

87 74 30 0 0 100,978 0 

Layers 44 38 0 14 32 3,626 1,144 

Meat Poultry 1,558 1,331 0 1,558 100 103,485 103,485 

Broilers 988 844 

Total 208,089 104,628 Pullets 535 458 

Turkeys 35 29 
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Rockingham 

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

499 

1,040 208 0 541 52 1,416,982 737,189 

Layers 98 20 0 98 100 8,076 8,076 

Meat Poultry 4,482 898 0 4,482 100 274,241 274,241 

Broilers 2,603 522 

Total 1,699,299 1,019,506 Pullets 1,799 361 

Turkeys 80 16 

         

Shenandoah 

Animal  

STP P 

Need 

(tons) 

Manure 

P (tons) 

STP Need 

Fulfilled by 

Manure Types 

Generated (%) 

Remaining STP 

Need by animal type  

(tons) 

Manure P Remaining  

 (tons) 

Manure P Remaining 

(%)  

Manure 

Generated 

(tons/year) 

Remaining 

Manure 

(tons/year) 

Dairy Cows 

330 

160 49 170 0 0 192,851 0 

Layers 19 6 151 0 0 1,573 0 

Meat Poultry 1,008 306 0 858 85 63,039 53,621 

Broilers 528 160 

Total 257,463 53,621 Pullets 458 139 

Turkeys 22 7 
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Appendix 8a.  Types of Land Use Acres Used by STP Balance 

 

Major Land Use Categories 

Alfalfa Tall Grass Hay Pasture Corn for Grain Corn for Silage Soybeans Small Grains 

Land Use Categories from the 2002 Agricultural Census included under each major land use category 

Alfalfa Hay 

harvested  

Cropland on which all 

crops failed or were 

abandoned  

Cropland used only 

for pasture or 

grazing  

Corn for grain 

harvested  

Corn for silage or 

greenchop harvested  

Soybeans for 

beans 

harvested  

Barley for grain 

harvested  

Alfalfa Seed 

harvested  

Fescue seed harvested  Pastureland  Sorghum for grain 

harvested  

Sorghum for silage or 

greenchop 

 Oats for grain 

harvested  

Haylage or 

greenchop from 

alfalfa mixtures 

harvested 

Orchardgrass seed 

Harvested  

  Sorghum hogged or 

grazed, sorghum for 

syrup, corn for dry 

fodder harvested area 

 Rye for grain 

harvested  

 Other haylage, grass 

silage, and greenchop 

harvested Area 

    Wheat for grain 

harvested  

 Other managed hay 

harvested  

    Winter wheat for 

grain harvested  

 Red clover seed 

harvested  

     

 Ryegrass seed 

harvested  

     

 Small grain hay 

harvested  

     

 Timothy seed 

harvested  

     

 



 
 

 53 

Appendix 8b.  Types of Land Use Acres Used by MAWP Balance 
Major Land Use Categories 

Corn Sorghum Small Grains Hay Soybeans Other Field Crops Fruits and Berries Vegetables 

Corn for grain 

 

Sorghum for grain Barley Alfalfa  Cotton Apples Asparagus 

Corn for silage Sorghum for silage Buckwheat Other  Peanuts Grapes Green beans 

  Oats Haylage  Potatoes Peaches Lima beans 

  Wheat Greenchop  Sweet potatoes Strawberries Beets 

     Tobacco 

 

 Broccoli 

       Cabbage 

       Carrots 

       Cauliflower 

       Celery 

       Sweet corn 

       Cucumbers 

       Eggplant 

       Lettuce 

       Green onions 

       Dry onions 

       Peas 

       Hot peppers 

       Sweet peppers 

       Pumpkins 

       Radishes 

       Rhubarb 

       Spinach 

       Squash 

       Tomatoes 

       Turnips 

       Watermelons 

*Acres from which crops were actually harvested were used as the output in the MAWP balance. This does not include land on which planted crops failed, idle cropland, 

pasture, woodland or other farmland.
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Appendix 9a.  Total Acres by County and Land Use in Maryland 

 

County Total Acers Crop 

Caroline 

1,583 Alfalfa 

27,393 Corn Grain - (sum of Corn for Grain and Sorghum for Grain) 

1,223 Corn For Silage - (sum of Corn for Silage and Sorghum for Forage) 

2,639 PastureÀ 

42,429 Small grain - (sum of Barley, Wheat, Oats, Rye, Winter Wheat) 

46,362 Soybeans 

4,155 Tall Grass Hay 

Somerset 

1,160 Alfalfa 

9,159 Corn Grain - (sum of Corn for Grain and Sorghum for Grain) 

584 Corn For Silage - (sum of Corn for Silage and Sorghum for Forage) 

5,703 PastureÀ 

12,067 Small grain - (sum of Barley, Wheat, Oats, Rye, Winter Wheat) 

16,438 Soybeans 

6,149 Tall Grass Hay 

Wicomico 

549 Alfalfa 

22,710 Corn Grain - (sum of Corn for Grain and Sorghum for Grain) 

298 Corn For Silage - (sum of Corn for Silage and Sorghum for Forage) 

1,833 PastureÀ 

11,120 Small grain - (sum of Barley, Wheat, Oats, Rye, Winter Wheat) 

26,200 Soybeans 

10,263 Tall Grass Hay 

Worcester 

324 Alfalfa 

40,015 Corn Grain - (sum of Corn for Grain and Sorghum for Grain) 

224 Corn For Silage - (sum of Corn for Silage and Sorghum for Forage) 

1,660 PastureÀ 

13,834 Small grain - (sum of Barley, Wheat, Oats, Rye, Winter Wheat) 

42,467 Soybeans 

4,498 Tall Grass Hay 

À - Pasture acres excluded in calculating STP balances 
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Appendix 9b.  Total Acres by County and Land Use in Pennsylvania 

 

County Name Total Acres Crop 

Adams 

6,991 Alfalfa 

20,379 Corn for Grain (sum of Corn for Grain and Sorghum for Grain) 

8,824 Corn Silage - (sum of corn for silage and sorghum for forage) 

22,924 PastureÀ 

29,783 Small grain - (sum of Barley, Wheat, Oats, Rye, Winter Wheat) 

15,171 Soybean 

36,623 Tall Grass Hay 

Franklin 

44,219 Alfalfa 

19,349 Corn for Grain (sum of Corn for Grain and Sorghum for Grain) 

52,800 Corn Silage - (sum of Corn for silage and sorghum for forage) 

30,254 PastureÀ 

22,803 Small grain - (sum of barley, wheat, oats, rye, winter wheat) 

13,912 Soybean 

34,229 Tall Grass Hay 

Lancaster 

83,193 Alfalfa 

69,598 Corn for Grain (sum of Corn for Grain and Sorghum for Grain) 

94,462 Corn Silage - (sum of Corn for silage and sorghum for forage) 

56,964 PastureÀ 

33,639 Small grain - (sum of barley, wheat, oats, rye, winter wheat) 

28,113 Soybean 

24,874 Tall Grass Hay 

À - Pasture acres excluded in calculating STP balances
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Appendix 9c.  Total Acres by County and Land Use in Virginia 

 

County Total Acers Crop 

Augusta 

17,254 Alfalfa 

7,600 Corn for Grain - (sum of Corn for Grain and Sorghum for Grain) 

14,972 Corn Silage - (sum of Corn for silage and sorghum for forage) 

43,413 Tall Grass Hay 

146,541 PastureÀ 

5,781 Soybeans 

3,024 Small Grains 

Page 

2,330 Alfalfa 

2,622 Corn for Grain - (sum of Corn for Grain and Sorghum for Grain) 

1,830 Corn Silage - (sum of Corn for silage and sorghum for forage) 

12,157 Tall Grass Hay 

26,647 PastureÀ 

721 Soybeans 

439 Small Grains 

Rockingham 

14,361 Alfalfa 

11,770 Corn for Grain - (sum of Corn for Grain and Sorghum for Grain) 

25,941 Corn Silage - (sum of Corn for silage and sorghum for forage) 

45,345 Tall Grass Hay 

94,268 PastureÀ 

5,925 Soybeans 

6,591 Small Grains 

Shenandoah 

4,093 Alfalfa 

5,617 Corn for Grain - (sum of Corn for Grain and Sorghum for Grain) 

4,042 Corn Silage - (sum of Corn for silage and sorghum for forage) 

25,727 Tall Grass Hay 

49,048 PastureÀ 

3,519 Soybeans 

3,239 Small Grains 

À - Pasture acres excluded in calculating STP balances 


