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INTRODUCTION

Elevated phosphorus concentrations in surface water pose several environmental problems. The
sources of this P can vary, but most P contributions to surface water has been attributed to
nonpoint sources, specifically from agricultural land that experiences applications of animal
wastes. The number of animal equivalent units has significantly increased in West Virginiasince
1978, with most of this increase coming from increases in poultry units (Mid-Atlantic Regional
Water Quality Program, 2005). The amount of manure P produced has increased the most in
West Virginia's eastern counties, particularly Hardy, Pendleton, and Grant (Mid-Atlantic
Regional Water Quality Program, 2005). Furthermore, manure now supplies more P to West
Virginia crops than does inorganic fertilizer (Mid-Atlantic Regional Water Quality Program,
2005). These increasesin animal agriculture and the commensurate increases in manure
production and land application have the potential to greatly impact surface water quality,
particularly in sensitive watersheds like the Chesapeake Bay watershed. In West Virginia,
poultry litter is the most common animal waste applied to the land. This material ishighin P
(relative to nitrogen), such that nutrient management strategies based on N application tend to
promote over-fertilization with P. This P can accumulate in the soil, where much is retained, but
is also subject to losses by runoff, erosion, and leaching. While most P loss is by erosion, runoff
and leaching losses increase when soil become saturated with P.

Studiesin West Virginia and el sewhere have focused on soil types of local or regional
importance (either because of their geographic extent or their economic value). Proper evaluation
of landscape-scale P cycling and watershed-based P management requires an ability to
extrapolate intensive field and laboratory data (i.e., point data) to broader landscapes (i.e., map
units). Our objectiveisto use previously collected data on West Virginia soils to develop county-
wide and state-wide maps of P sorption capacity. The results of this project may be used to assist
landowners in the application of animal wastes and phosphorus fertilizers to avoid P loading of
surface waters that can diminish water quality.

Previous Studies

Past work has focused on the characterization of soil series throughout the agriculturally
important regions of WV relative to their P saturation and P retention capacity. To date 85
pedons from 16 counties (Fig. 1) and representing 31 different soil series have been described
and sampled (Schoeneberger et al., 2002). These samples include 57 pedons from 17 benchmark
soils. None of these sites had any history of organic waste application. Land use categories



included cropland (14%), forest land (42%), and pasture/hayland (44%). In addition to routine
laboratory analysis of physical and chemical properties (Soil Survey Laboratory Staff, 1996),
more detailed measures of P sorption capacity (PSC) were also made for each soil horizon of
these pedons. Specifically, PSC for a given horizon was determined by incubating 0.5 g soil for
18 hours with 30 mL of 0.01M CaCl2 solution containing a series of P concentrations (Sekhon,
2002). Results were reported in units of mg P/kg soil.

METHODS

While this previous research in West Virginia has led to the devel opment of an extensive
database on the physical and chemical characterization, including PSC, of individual soils across
the state, there is a need to further extend these data to devel op county-wide and state-wide maps
of PSC using geographic information system analysis.

Data Analysis
The PSC of each horizon was calculated using PSC of each sample, bulk density (BD), horizon

thickness (T), and arock fragment correction factor (RFCF = 1 — percent rock fragments), as
well as aunit conversion factor (UCF), to produce estimates of PSC for each horizon with units
of mg P/m? soil:

PSC (kg P/m?) = PSC (mg P/kg soil) x BD x T x RFCF x UCF

The PSC for a given pedon was determined for the upper 20 cm by adding the PSC values for all
or part of any horizon within the upper 20 cm of the soil.

PSC Mapping
Soil survey databases have been used to spatially extrapolate soil characterization data from

individual pedons (Bliss et a., 1995; Amichev and Galbraith, 2004). We used the Soil Survey
Geographic Database (SSURGO) data to map the extent of sampled soil series. SSURGO datais
available for 35 of 55 West Virginia counties (Soil Survey Staff, 2005). For each SSURGO map
unit, the list of sampled soils was used to determine the percent of each map unit that is
represented by one or more of the 31 sampled soil series.

The SSURGO data were then used to map estimated PSC. The PSC value of the dominant soil
map unit component series was assigned to each map unit that contained one or more of the
sampled soil series. Map units with no sampled components were given anull value.

RESULTS

The PSC data for the upper 20 cm of each series (Table 1) shows awide range of variability
among West Virginia soils. In general, the Ultisols have the lowest PSC values, with Frederick, a
Paleudult, having one of the lowest measured PSC values (5.4 kg P/m?). Carbo, a very-fine,
mixed, active, mesic Typic Hapludalf, has arelatively high PSC (17.0 kg P/m?), presumably
because of its high clay content. Alluvial soils, such as Huntington (16.4 kg P/m?) and Lindside
(14.0 kg PIm?), also have relatively high PSC values.

Maps of the extent of sampled series (Figs. 2 and 3) indicate that statewide the series represented
by our pedon data make up 40% or more of the soil map units for a significant portion of the
state (Fig. 2). Furthermore, when the landscape distribution of these represented soilsis
examined (Fig. 3) it appears that many of the gapsin the data are for steeper, higher elevation
map units, for which P loading is not likely to be an issue. Given the distribution of sampled



seriesin western West Virginia (Fig. 1) it is anticipated that the soil map units from the missing
counties along the Ohio River will be adequately represented by our data.

Maps of estimated PSC (Figs. 4 and 5) show some interesting trends in the estimated PSC data.
In general, PSC appears higher in the soils of the eastern portions of West Virginia, particularly
the eastern panhandle (Fig. 4). Variability at the county level exists, though, and within Hardy
County (Fig. 5), relatively low PSC values are seen in the eastern portion of the county where
soils are formed in older (Silurian, Ordivician) parent materials.

FUTURE CONSIDERATIONS

Additional work isrequired to fully exploit these data. Past and present land use may have an
important influence on PSC. We intend to investigate using land use information for each
sampled pedon to map PSC using SSURGO data as conditioned by land use. Given the gaps
present in the extent of sampled soil series (Figs. 2 and 3), we will examine our ability to link
measured PSC data to SSURGO map units at higher taxonomic levels (e.g., family or subgroup)
to increase the areal extent of mapped data. We also will study spatial trends in mapped PSC
data, both across the state and at the county and watershed scale.
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Table 1. Summary of sampled pedons by series. Benchmark soils are shown in bold. For serieswith more
than one sampled pedon, mean (and standard deviation) PSC values ar e shown.

Series Number P sorption capacity
kg/m?

Airmont 1 10.2 (n/a)
Allegheny 1 9.4 (n/a)
Ashton 2 19.8 (0.3)
Bagtown 2 12.8 (0.2)
Berks 7 12.5 (4.1)
Blackthorn 1 11.9 (n/a)
Blairton 3 13.7 (2.7)
Brookside 1 15.7 (n/a)
Caneyville 2 7.3 (3.9)
Carbo 4 17.0 (7.5)
Chavies 3 11.0 (5.6)
Chilhowie 3 19.0 (13.7)
Culleoka 1 10.2 (n/a)
Dormont 1 9.6 (n/a)
Duffield 1 4.3 (n/a)
Frankstown 1 12.9 (n/a)
Frederick 4 5.4 (2.9)
Gilpin 3 8.8 (1.0)
Hagerstown 6 10.6 (4.0)
Huntington 7 16.4 (7.5)
Laidig 1 16.1 (n/a)
Lakin 1 8.3 (n/a)
Lindside 4 14.0 (4.3)
Lodi 1 15.2 (n/a)
Monongahela 7 11.7 (3.8)
Murrill 2 4.6 (2.8)
Pickaway 1 1.9 (n/a)
Swanpond 4 15.3 (3.9)
Upshur 3 15.9 (6.3)
Vandalia 3 12.3 (5.8)
Wheeling 4 13.7 (5.6)




Figure 1. Geology map of West Virginia showing the location of
k 85 pedon samples from across the state. (Source: WV Geological
and Economic Survey viaWYV GI S Technical Center,
http://wvgiswvu.edu) Hardy County (shown in Figs. 4 and 5) is
highlighted in yellow. Inset: Thelocation of West Virginiain the
continental United States.
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Figure 2. Map of West Virginia showing the per centage of each
k SSURGO map unit that isrepresented by one or more of the 31

sampled soil series. Hardy County (shown in Figs. 3and 5) is
highlighted in yellow.
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Figure 3. Map of Hardy County, West Virginia, showing the per centage of each SSURGO map unit that isrepresented by one or more
of the 31 sampled soil series. Location of sampled pedonsin Hardy County are also shown. Data displayed over the analytical hillshade
derived from NED 30-m DEM data (Sour ce: US Geologic Survey viaWV GIS Technical Center, http://wvgis.wvu.edu).
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Figure 4. Map of West Virginia showing the estimated PSC within
the upper 20 cm of soil. Hardy County (shown in Figs. 3and 5) is
highlighted in yellow.
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Figure 5. Map of Hardy County, West Virginia, showing the estimated PSC within the upper 20 cm of soil. Location of sampled pedons
in Hardy County are also shown. Data displayed over the analytical hillshade derived from NED 30-m DEM data (Source: US Geologic
Survey viaWV GIS Technical Center, http://wvgis.wvu.edu).
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