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SPECIAL SECTION

EVALUATION OF PHOSPHORUS INDICES: TWENTY YEARS OF SCIENCE AND DEVELOPMENT

Phosphorus Indices: Why We Need to Take Stock of How We Are Doing

Andrew Sharpley,* Doug Beegle, Carl Bolster, Laura Good, Brad Joern, Quirine Ketterings, John Lory,

Rob Mikkelsen, Deanna Osmond, and Peter Vadas

Many states have invested significant resources to identify
components of their Phosphorus (P) Index that reliably estimate
the relative risk of P loss and incentivize conservation management.
However, differences in  management recommendations and
manure application guidelines for similar field conditions among
state P Indices, coupled with minimal reductions in the extent of
P-impaired surface waters and soil test P (STP) levels, led the U.S.
Natural Resources Conservation Service (NRCS) to revise the 590
Nutrient Management Standard. In preparation for this revision,
NRCS requested that a review of the scientific underpinnings and
accuracy of current P Indices be undertaken. They also sought
to standardize the interpretation and management implications
of P Indices, including establishment of ratings above which
P applications should be curtailed. Although some states have
initiated STP thresholds above which no application of P is allowed,
STP alone cannot define a site’s risk of P loss. Phosphorus Indices
are intended to account for all of the major factors leading to P
loss. A rigorous evaluation of P Indices is needed to determine if
they are directionally and magnitudinally correct. Although use of
observed P loss data under various management scenarios is ideal,
such data are spatially and temporally limited. Alternatively, the
use of a locally validated water quality model that has been shown
to provide accurate estimates of P loss may be the most expedient
option to conduct Index assessments in the short time required by
the newly revised 590 Standard.
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PHOSPHORUS (P) Index is an applied assessment tool

used to identify agricultural fields most vulnerable to P

loss by accounting for the major source and transport
factors controlling P movement (Lemunyon and Gilbert, 1993;
Sharpley et al., 2003). Lemunyon and Gilbert (1993) proposed
the P Index as a voluntary educational tool to help farmers
identify fields with a high probability of P loss in runoff. In the
two decades since its introduction, the P Indexing concept has
evolved and expanded, and there are now P Indices that serve as
best management practice selection and targeting tools, manure
application scheduling tools, manure application rate calcula-
tors, and regulatory tools in some states (DeLaune et al., 2007;
Sharpley et al., 2009).

The P Index has been integrated into the Natural Resources
Conservation Service (NRCS) 590 Nutrient Management
Standard since 1999 (U.S. Department of Agriculture-Natural
Resources Conservation Service, 2011a). Also, the 2003 revision
of EPA regulations for concentrated animal feeding operations
(U.S. Environmental Protection Agency, 2003) recommends the
P Index as a field-specific P loss assessment tool on permitted
concentrated animal feeding operations. Currently, 48 U.S.
states have adopted a P Index as a site assessment tool to identify
critical source areas and to target practices to reduce P loss. In
most of these states, the P Index is required by the NRCS 590
Nutrient Management Standard and other state and federal
programs (Sharpley et al, 2003). In addition, versions of a
P Index have been proposed for several Canadian provinces
(Salvano et al.,, 2009; van Bochove et al., 2006) and European
countries (Bechmann et al., 2005; Buczko and Kuchenbuch,
2007; Heckrath et al., 2008).

Despite the apparent success of the P Index concept, there
remain concerns about the effectiveness of the Indexing approach
for attaining water quality goals. Different versions of the P
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Index have emerged to account for regional differences in soil
types, land management, climate, physiographic and hydrologic
controls, manure management strategies, and policy conditions.
Differences in P Index manure management recommendations
under relatively similar site conditions have also emerged. For
instance, a survey of P Indices from 12 southern U.S. states by
Osmond et al. (2006) revealed a large diversity in P Index ratings
and P application guidelines for similar conditions. Under the
conditions tested, some P Indices did not reach a risk level
restricting manure application, whereas others did (Osmond et
al., 2006). Thus, one of the goals of revising the P-risk assessment
component of the 590 Standard was to develop a strategy to
define the conditions where the risk of P loss is so great that no P
should be applied in any form (U.S. Department of Agriculture-
Natural Resources Conservation Service, 201 la).

There is growing concern that existing P management
guidelines are not bringing about as great a reduction in soil P
levels and P loss from agricultural lands as expected or desired.
For instance, recent reports related to mitigation effectiveness
in the Chesapeake Bay fueled concern that site risk assessment
using the P-Indexing approach was inadequate (Kovzelove et
al., 2010; U.S. Environmental Protection Agency, 2010b). The
lack of soil and water quality response may, in part, reflect legacy
effects of past management and a slow ecosystem response to
changes in state-, watershed-, and farm-level nutrient imbalances.
Nevertheless, there is a need to reassess approaches to determine
and guide P management as a component of the 590 Nutrient
Management Standard and to address problems related to
nutrient imbalance.

In 2009, as part of their effort to revise the 590 Nutrient
Management Standard, NRCS requested that a Working Group
of scientists within the Southern Extension-Research Activity
Group 17 (SERA-17) review the current 590 Standard and make
recommendations on how to address the concerns outlined
above (Sharpley et al., 2011). Specifically, the group (i) assessed
the evolving role of P Indices in risk assessment, (ii) established
the role of soil test P (STP) in P-based nutrient management and
P loss risk assessment, (iii) defined a process to evaluate P Indices,
and (iv) recommended long-term goals for the development
of the next generation of P Indices. This paper documents the
major findings and recommendations of the SERA-17 working
group in response to the NRCS request.

The Current Role of Phosphorus Indices in Risk
Assessment and Resource Conservation
Three Approaches to Phosphorus Loss Assessment

The P Index is one of three P loss assessment strategies
recommended by the NRCS 590 Nutrient Management
Standard (U.S. Department of Agriculture-Natural Resources
Conservation Service, 20113). The two alternatives to the
P Index were the “agronomic” approach, which limits P
applications to rates recommended by soil test—based fertilizer
recommendations, and the “P threshold” approach, which
identifies a STP level where risk of P loss to water resources
increases beyond desired levels.

Historically, soil testinghasbeen the primary tool for managing
P application to agricultural fields. Like the P Index, agronomic

soil testing and interpretation for P developed primarily at the
state level led to a diversity of approaches and interpretations
guiding fertilizer recommendations for P. For example, a survey
of P recommendations in 24 states identified six different extracts
used to measure STP and recommended depths of soil sampling
ranging from 7.5 to 20 cm (Table 1). Most states recommend
no application of additional P for agronomic purposes if STP
is above a certain level (Table 1). The exceptions to this among
the 24 states surveyed were P recommendations for potatoes
in Colorado and Wisconsin. Differences among states for the
STP level where no P is recommended are apparent despite the
difficulty of comparing STP obtained by different extracts. These
thresholds serve as P application limits when the agronomic
approach is used for P loss assessment. Consequently, agronomic
limits on P application “zero out” manure applications when
used as a P loss management strategy and facilitate maintaining
field P at or below the state-identified STP level for which no
additional P is reccommended.

Phosphorus thresholds have been implemented in a number
of ways. Some states use STP as a stand-alone tool and establish
anupper limit to P application, irrespective of other P loss factors.
Examples of STP thresholds include 100 mg kg™ Olsen STP or
150 mg kg™ Bray-1 STP in South Dakota (U.S. Department
of Agriculture-Natural Resources Conservation Service—
South Dakota, 2007); 150 mg kg™' Mchlich-3 STP in nutrient
impaired watersheds in Oklahoma (Zhang et al., 2005); 150 mg
kg™! Bray-1 STP in Michigan (U.S. Department of Agriculture—
Natural Resources Conservation Scrvicc—Michigan, 2005); 200
mg kg™ Bray-1 or Mehlich-3 STP in Indiana (U.S. Department
of Agriculture-Natural Resources Conservation Service—
Indiana, 2001); a court-mandated Mehlich-3 STP threshold of
300 mg kg used in the Eucha-Spavinaw Watershed, Northwest
Arkansas (DeLaune et al,, 2007); and 533 mg kg™ Mehlich-3
STP in Kentucky (US. Department of Agriculture—Natural
Resources Conservation Scrvicc—Kentucky, 2001).

Phosphorus thresholds can also be used as a screening tool to
identify fields where the more time- and data-intensive P Index
approach must be used. Examples include a limit of 200 mg kg™
Mehlich-3 P in Pennsylvania above which the P Index must be
used (Weld et al., 2007) and limits of 200 mg kg™' Mehlich-3
P in East Texas and 350 mg kg™' Mehlich-3 P in West Texas
above which the P Index must be used (U.S. Department of
Agriculture—Natural Resources Conservation Service—Texas,
2007). Virginia has two STP thresholds: a lower limit above
which the P Index must be used and an upper limit above which
no P applications are permitted (Wolfe et al., 2005). Generally,
STP thresholds are well above recommended levels reported for
agronomic purposes (Table 1). States that use STP thresholds
as upper limits for manure application that supersede any P
Index—assigned risk have a clearly defined point where manure
applications zero out, which is compliant with the newly
revised 590 Standard (U.S. Department of Agriculture-Natural
Resources Conservation Service, 2011a).

Current P Indices are generally less restrictive than agronomic
limits on P application. Reviewing current P loss assessment
strategies from 24 states shows that P Indices in seven of these
states may in fact restrict P application to fields when STP values
are below the agronomic threshold where P is recommended for
optimum agronomic production (Table 1). In six of these seven
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states, it is possible for P Indices to recommend no application
of P in any form on some fields with a STP below agronomic
optimum where transport factors combine to increase the risk of
P loss in runoft. In most cases, this would occur under specificand
limited conditions (e.g., organic soils, high transport potential,
proximity to a stream, and specialty crops [such as potatoes in
New York]) and when P application rate is high.

Phosphorus Indices and Resource Conservation

The SERA-17 Working Group believes that P applications in
excess of agronomic recommendations should be evaluated by a
P Index. However, states vary on the need to run the P Index to
assess applications reccommended by agronomic soil tests (‘Table

1). Most of these states do not require a P Index assessment when
P applications are based on land-grant university agronomic
nutrient recommendations. A justification for this approach is
that the risk of P loss may frequently be too low to justify the
expense and logistics of having to conduct a P Index assessment.
In some states, a fairness issue is cited, stating that agronomic
applications of manure should not be limited by requirements
stricter than equivalent commercial fertilizer applications. On
the other hand, limiting manure P applications to recommended
agronomic rates does not guarantee a low risk of P loss from a
field (see discussion in the next section).

Even in situations where a P application is recommended,
it may be valuable to perform a P Index assessment as an

Table 1. Soil test phosphorus level at which land-grant universities recommend no additional phosphorus be applied.

Soil sampling Agronomic soil test P

State Method

Can P Index limit
applied P below

recommendations for Reference

depth threshold P .
soils with an agronomic
need for P?
cm mg kg™’
AK Mehlich-3 plow depth to a 15-66; starter P yes U.S. Department of Agriculture—Natural
maximum of 15 cm typically recommended Resources Conservation Service—Alaska, 2008
AR Mehlich-3 10 (pastures) or 15 (row 36-50 no Espinosa et al., 2006; Moore et al., 2010;
crops) Sharpley et al., 2010
(€6) Olsen plow depth or 10 inches 15-22; P always no Davis et al., 2009
recommended
for potatoes
DE Mehlich-3 10 pastures; 20 row crops 100t no Sims and Leytem, 2002; Sims et al., 2002
GA Mehlich-1 10 (pastures); 15 row crops 14-70 yes Cabrera et al.,, 2002; Kissel and Sonon, 2008
(vegetables)
IN Bray 1 20 40-50 no Vitosh et al., 1996
KS Bray 1 15 20-30 no Leikam et al., 2003
KY Mehlich3  7.5-10 (cons till);+ 15-17.5 30-40 no Murdock and Schwab, 2010
(conv till)
MI Bray 1 20 40-50 no Vitosh et al., 1996
MD Mehlich-3 20 50 yes Coale, 2005; McGrath, 2010
ME Morgan 15 20 no Hoskins, 1997
MO Bray 1 15 35 no Lory et al., 2007
MS Lancaster 10-15 pastures; 15 crops 36 no Oldham and Crouse, 2008
NC Mehlich3 10 (cons till) or 20 (conwv till) 60 yes Hardy et al., 2009; Johnson et al., 2005
NY Morgan 15-20 20 yes Czymmek et al., 2003; Ketterings et al., 2003
OH Bray 1 20 40-50 no Vitosh et al., 1996
OK Mehlich 3 15 419 no Zhang and Raun, 2006
PA Mehlich 3 20 50 yes Agricultural Analytical Services Laboratory,
2010; Weld et al., 2007
Ne Mehlich 1 15 (crops); 7.5 (pasture) 27.5-40 no U.S. Department of Agriculture-Natural
Resources Conservation Service-South
Carolina, 2004
TN Mehlich 1 15 >15 no Savoy and Joines, 2009
TX Mehlich 3 15 50 no Provin, 2010
uTt Olsen P 30 158§ no Cardon et al., 2008
VA Mehlich 1 10 no-till; 15-20 conv till 55 no Maguire and Heckendorn, 2011
Wi Bray 1 15-20 17-80;tt P always yestf Laboski et al., 2006
recommended

for potatoes

1 Optimum range for M3-P in Delaware is 50-100 mg kg~' by Mehlich 3 P. In almost all cases, only starter P is recommended when Mehlich-3 soil P

values are >50 mg kg™'.
# Cons till, conservation tillage; conv till, conventional tillage.

9 Recommendation is that the sample be confined to the upper 30 cm. Most will focus on extracting from 15 to 25 cm deep.

§ Value is 32.5 mg kg™ if P is measured colorimetrically.
11 Value within range depends on crop and soil type.
++ For manure only.
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educational tool so farmers can better understand the impact
of their management on P loss potential. This may result in
improved management even if P applications are not limited
at these agronomically responsive STP levels. We recommend
that such issues are best decided at a state level where the
environmental protection goals and available P Index resources
are best understood.

Systemic regional P imbalances exist in portions of the
United States where concentrated animal production has led to
inputs of P in feed, bedding, and fertilizer in excess of outputs
in crops and animals (Kellogg et al., 2000; Maguire et al., 2009;
Sharpley et al., 2007). Because P is a finite natural resource that
needs to be conserved (Cordell et al.,, 2010; Steen, 1998; Syers
etal,, 2011), such imbalances are not consistent with long-term
resource sustainability. Thus, consideration needs to be given to
achieving on-farm and regional P balance, with the long-term
goal of applying P to meet agronomic requirements. However,
the P Index, as a field-based loss assessment tool, cannot address
P balance issues at these larger scales. A P Index should limit P
applications on individual fields at some point, although this
point varies greatly among states because the current P Index
cutoff values (i.e., the P Index value where no additional P is
recommended) are not consistent across states.

Are Soil Test Phosphorus Thresholds a Suitable
Alternative to a Phosphorus Index for
Protecting Water Quality?

Environmental soil P thresholds are similar to agronomic
limits in that they evaluate the potential for P loss in runoff based
onasingle parameter, STP. The assumption of this method is that
there isa STP break point, different from the agronomic limit for
crop response, where higher STP leads to a greater potential for
P loss in runoff (Feagley and Lory, 2008; Wang et al., 2012). One
of the main justifications for using a STP threshold approach
is its simplicity, using soil test information farmers frequently
have for many fields. This combined ease of implementation and
interpretation make it attractive to policymakers seeking to limit
manure applications due to water quality concerns.

Another approach to determining environmental soil
P thresholds was recently proposed in the Chesapeake Bay
Watershed (Kovzelove et al, 2010; US. Environmental
Protection Agency, 2010a) based on the degree of P sorption
saturation of the soil (DPS). This DPS approach is based on the
premise that the saturation of P sorbing sites for a soil determine
P release (intensity factor) as well as the level of soil P (capacity
factor) (Breeuwsma and Silva, 1992; Kleinman and Sharpley,
2002). For example, soils of similar STP but different texture
may differ in P release to runoff because P may be bound more
tightly to clay than to sandy soils (Sharpley and Tunney, 2000).
Phosphorus sorption saturation also represents the capacity of
a soil to sequester added P and thereby reduce its potential to
enrich runoff P (Lookman et al., 1996; Schoumans et al., 1987).
The addition of P to a soil with a high DPS enriches runoff P more
than if P was added to a soil with a low P sorption saturation,
independent of STP (Leinweber et al., 1997; Sharpley, 1995).
The estimate of DPS is commonly derived from Mehlich or
oxalate-extractable Al, Fe, and P. These extraction methods are

only appropriate on noncalcareous soils where soil P reactions
are dominated by Al and Fe compounds. Thus, the potential
applicability of a DPS approach across the United States would
exclude calcareous or Ca-reaction—dominated soils.

The highly significant, positive correlation between STP or
DPS and runoff dissolved P concentration is well established
(Vadas et al., 2005) and is frequently used to justify the use of
thresholds to limit P application. However, a wealth of scientific
evidence is available documenting that, in addition to STP and
DPS, P application rate, timing, and method; erosion; runoff;
and drainage influence field P loss. The use of STP or DPS alone
does not accurately portray a site’s risk for P loss because it does
not capture the P transport potential of a field. If STP is the
only assessment used, P runoff and/or leaching losses might be
allowed to continue on sites with high P transport potentials,
and conversely P application may be restricted, although the risk
of P loss is low (Fig. 1). The data in Fig. 1 are from the FD-36
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Fig. 1. Relationship between the loss of total P in runoff and
Mehlich-3 soil test P, soil P saturation, and the Pennsylvania P Index
ratings for the plots in the FD-36 watershed, Pennsylvania (adapted
from Sharpley et al., 2001).
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watershed in south-central Pennsylvania (adapted from that
presented in Sharpley et al. [2001]). Runoff was collected from
2-m? plots subject to 70 mm h™ of rainfall (to create 30 min of
runoft) across the watershed and related to plot Mehlich-3 STP
and soil P saturation of 0- to 5-cm samples collected after rainfall
aswell as P Index ratings determined by the Pennsylvania P Index
(Sharpley et al., 2001). Of the three methods, the P Index rating
best represented the actual loss of P in runoff over the various
soil, management, hydrologic, and topographic conditions
across the watershed (Fig. 1).

An important lesson from the above analysis is that there
were sites with “low” STP and soil P saturation that had high
losses of P due to a combination of factors that include high
runoff volumes and/or application of fertilizer or manure. These
“low” P sites are above the agronomic response range (i.c., >50
mg P kg™ as Mehlich-3 soil P). On the other hand, there were
sites with low P loss but with high STP or soil P saturation values
(Fig. 1). A similar lack of a strong relationship between STP (as
Mehlich-1 soil P) and runoff P loss was demonstrated by Butler
et al. (2010) for runoff from nine fields in Georgia that had
received varying amounts and forms of P.

Consideration of site hydrology is critical for determining P
loss (Gburek and Sharpley, 1998). For instance, Buda et al. (2009)
monitored contour-cropped fields on a Pennsylvania hillslope
where the bottom field possessed the lowest relative STP (roughly
twofold lower than the other fields). Although this bottom field
was the only one that did not receive P amendments during the
study period, it yielded runoff volumes roughly 50-fold greater
than the other fields included in the study. Annual loads of P from
this hydrologically active field were >8 kg ha™, in comparison
to 1 kg ha™! or less from the other fields. This study highlights
the ability of site hydrology to overwhelm source factors in
determining P loss. More importantly, it points to the ability of
hydrology to convert a modest source of P into a major P load.
Research supports the view that STP thresholds are poorly
correlated with P loads from agricultural fields, and strategies
based on such limits typically will perform poorly compared with
P Indices. Consequently, the use of a STP threshold rather than
an effectively designed P Index cannot be justified to manage
fields on a P loss and water quality perspective.

Evaluation of Phosphorus Indices

The previous sections established that P Indices are a superior
tool, when compared with agronomic or threshold STP values
when used alone, for identifying fields with a high potential for P
loss. This recommendation is predicated on the assumption that
state P indices effectively identify fields that have a high potential
for P loss and have the associated rating system calibrated to
limit P applications under conditions that will likely lead to
degradation of water resources.

Although a P Index is used in the majority of states to assess
risk of P loss from agricultural fields for manure P management
planning, most state P Indices have not been rigorously evaluated
to determine whether they are directionally and magnitudinally
correct. This lack of P Index evaluation in many states is a result
of a lack of resources, ability, or motivation to evaluate them.
Ideally, a P Index should be evaluated against observed P loss data
under various scenarios and measured at the point where runoff

from a field reaches a field edge, stream, tile inlet, or other water
source. Although some edge-of-field P loss data are available,
only a handful of studies exist that have compared observed
edge-of-field P loss data with P Index values or rankings over a
sufficient range in time and management practices to reliably
assess Indexed risk (DeLaune et al., 2004a, 2004b; Eghball and
Gilley, 2001; Harmel et al., 2005; Sharpley et al., 2001; Sonmez
etal., 2009; Good et al., 2012).

When observed P loss data are not available to calibrate and
evaluate P indices, simulated P loss data generated from process-
based models may be a suitable alternative, provided the models
have been shown to provide accurate estimates of P loss for the
region of interest (Sharpley et al,, 2011). Although a P Index need
not quantify P loss, its output should be directionally consistent
with output from an appropriate process-based model that does
quantify P loss. Veith et al. (2005) used this approach to evaluate
the Pennsylvania P Index by comparing index values with average
annual P loss values calculated with the SWAT model. They found
good correlations between the P Index and output from SWAT
and concluded that the Pennsylvania P Index provided a reliable
assessment of P loss risk (Veith et al, 2005). Bolster (2011)
compared output from the Kentucky P Index with simulated P loss
data generated with the Annual P Loss Estimation model (Vadas et
al.,2009) for several hypothetical fields. Bolster (2011) found that,
although index values were generally correlated with simulated
data, important limitations exist with the index, including how
erosion is accounted for and how the different factors are weighted.
If a P Index is deemed to perform inadequately, the same model
output can be used to guide Index revisions, such as modifying
how the Index is calculated, what factors are included, and how
cach factor is weighted (Bolster et al., 2012).

Each factor included in a P Index is weighted in such a way
as to define that factor’s relative contribution to P loss. Ideally,
P Index weights should be obtained from measured P loss data
combined with best management practices that can reduce P
loss in a particular region. For many P indices, however, weights
have been based on the professional judgment of the Index
developers. Also, few studies have evaluated whether the relative
magnitudes of the weights adequately describe the importance
of each factor contributing to P loss and/or incentivize
corrective management practices. Several studies that have
specifically addressed index weightings have shown improved
P Index performance when weights are based on scientific
data. For instance, Eghball and Gilley (2001) improved the
performance of the original P Index of Lemunyon and Gilbert
(1993) by modifying several index weights.

Sonmez et al. (2009) slightly improved the correlation
between the Kansas P Index and measured P loss data by
modifying weights for erosion and STP, whereas DeLaune et
al. (2004b) used regression analysis with runoff data to update
weights on STP and water-extractable manure P for the Arkansas
P Index. Bolster et al. (2012) found an improved correlation
between the Pennsylvania P Index and the P loss data set of Vadas
et al. (2009) after modifying the weights of the Pennsylvania P
Index by fitting P loss data generated with the Annual P Loss
Estimation model. These studies demonstrate that placing
greater emphasis on science-based P Index weights will likely
lead to meaningful improvements in index performance as a P
loss estimator.
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There is clearly an urgent need to assess state P Indices
to document that ecach state P Index is magnitudinally
and directionally correct, to bring more uniformity to
recommendations among states, and to provide basic support
for tool development. Such assessments are a critical first step
to ensure that state P Indices are protecting water quality. Given
the paucity of appropriate water quality data and the expense
associated with obtaining sufficient data across the United
States, it is inevitable that appropriately calibrated models will
play a role in assessing and updating state P Indices.

Defining Long-Term Goals for the Next

Generation of Phosphorus Indices
Physiographic Regionalization

Phosphorus Indices have become state specific due to the
requirements of state regulations and state 590 standards.
Differences in soils, climate, cropping systems, water body
sensitivities, and dominant P loss pathways preclude the
development and use of a single national P Index that addresses
all of these differences. A more logical approach to overcoming
interstate discrepancies would be the development of P Indices
along physiographic regions rather than state boundaries.

In the Chesapeake Bay Watershed, for example, there
are five distinctly different physiographic regions: Coastal
Plain, Piedmont, Great Valley, Appalachian Mountains, and
Appalachian Plateau (Fig. 2). Most of the states in this watershed
contain three or more of these physiographic regions. It is
difficult to develop a practical P loss assessment tool that will
work equally well for all of these physiographic regions when P
transport is dominated by different processes across the regions.
Consequently, compromises are commonly made to address
state-imposed regulatory approaches, which often results in less-
than-ideal results for any specific physiographic region.

Thus, in the Chesapeake Bay Watershed, a better approach
would be to have a P Index for each of the physiographic
regions rather than one for each state (i.c., Delaware, Maryland,
New York, Pennsylvania, Virginia, and West Virginia). These
region-based P Indices would be specifically tailored to the
soils, climate, animal industries, and management systems
in these regions and provide more accurate results and more
meaningful management interventions. The challenge will be
to get acceptance among government programs and agencies of
P Indices that cross state lines.

Need for More Efficient Site Data Acquisition

The NRCS 590 standard requires use of the Revised
Universal Soil Loss Equation, Version 2 (RUSLE2) (Foster et
al., 2003) to determine soil erosion when developing nutrient
management plans. The standard approach to estimating edge-
of-field soil loss with RUSLE2 involves selecting a single soil type
in the field. If the field has more than one soil type, the field’s
“dominant critical area” is supposed to be used as a “surrogate”
to determine soil loss for the entire field. The “dominant critical
area” is usually the most erodible soil that constitutes at least 10%
of the field’s area and represents the soil type, slope, and length of
slope on which conservation treatments are based for the entire
field. The goal of conservation treatments is to reduce soil loss
to the representative soil's “T” factor. However, the “dominant

critical area” soil may not be the predominant soil in the field,
and it may not be the soil that should be used in making nutrient
recommendations or in assessing the risk of P loss from the field.

A “spatial” approach to estimating soil loss for a field with
RUSLE?2 involves estimating soil loss for all digitized soil survey
polygons whose boundaries overlap with a field boundary. This
would eliminate the need to select a single soil for a field to run
RUSLE2 while allowing traditional nutrient management planning
to be done on the basis of an individual soil polygon or the entire
field. Also, instead of using a single distance to water for the field,
a distance for each soil polygon could be estimated automatically.
Geographical Information Systems could then be used to calculate
the distance between any point on a soil polygon’s application area
boundary and any point on a surface water boundary.

Need to Recognize Uncertainty in Risk Assessment

The objective of any P Index is to guide field management to
prevent P losses that would lead to water quality degradation.
To achieve that objective, a P Index must reliably estimate the
risk of P loss by accounting for the main drivers controlling P
movement to surface water (or direct hydrological connection
to surface water) at any given landscape position. It must be
recognized, however, that a significant amount of uncertainty
will be associated with the output from any P Index. Several
sources contribute to this uncertainty, including errors in the P
Index input variables such as STP, manure P application rates,
erosion, and runoff, along with model error reflecting the fact
that a P Index is an incomplete representation of the complex
processes controlling P loss at the field scale.

These sources of error can produce a significant amount of
scatter between P Index predictions and actual risk of P loss. For
instance, Bolster et al. (2012) observed a mean absolute percent
error exceeding 60% between output from a modified version of
the Pennsylvania P Index and observed edge-of-field P loss using
measured runoff and erosion as inputs into the P Index. When
runoff and erosion are estimated from field-scale tools such as
the NRCS curve number method and RUSLE2, respectively,
the uncertainty associated with P loss risk assessment is even
greater (Eghball and Gilley, 2001; Harmel et al., 2005). The
inherent uncertainty associated with P Index values should be
understood when making land management decisions based
on P Index values. Recognition of this uncertainty is even more
critical where Indices are used as management planning tools
to meet predetermined P loss thresholds (U.S. Department of
Agriculture—Natural Resources Conservation Service, 2011b).
As an example, NRCS is proposing allowable P runoff losses to
be <2.2kgha™ (low), 2.2 to 5.6 kg ha™ (moderate), and >5.5 kg
ha™! (high) (U.S. Department of Agriculture—Natural Resources
Conservation Service, 2011b).

Conclusions

Many states have developed adequate tools to guide field-
level P loss management by accounting for the main factors
and conditions controlling P loss in their state. However,
inconsistencies in the interpretation of P loss risk (ranking
categories and associated management interventions) are evident
among states. In fact, many of the currently publicized failings
of the P Indexing approach derive from risk interpretation
and associated management guidelines assigned by a P Index,
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which have typically been modified with local and regional
political and stakeholder involvement. As a result, there needs
to be a rigorous assessment of P Indices to document that the
appropriate risk is being assigned using local water quality data
or a locally calibrated water quality model that has been shown
to provide accurate estimates of P loss.

There needs to be a concerted training effort on how to use
P Indices in the context of nutrient management planning and
how to address concerns identified by the P Index during the
planning process. This training must include not only the direct
users of the P Index (i.e., planners and farmers) but also the

policymakers that use P Index—based nutrient plans to document
proper resource management at the local, state, and national
levels. Finally, P Indices and their role in P management will and
should continue to evolve as we improve our ability to estimate
the impact of P management at the field scale on water quality.
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