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INTRODUCTION
Andrew Sharpley

USDA-ARS, Pasture Systems and Watershed Management Research Laboratory
Curtin Road, University Park, PA 16802-3702

OUR OBJECTIVES
In April 1998, the Chesapeake Bay Program’s Scientific and Technical Advisory Committee
(STAC) held a Conference to examine issues related to agricultural phosphorus (P) and water
quality with the Chesapeake Bay Watershed. This publication presents the invited papers and
posters given at the Conference, along with the views of several Bay farmers, key Bay resource
users, and recommendations from the Conference workgroups - Soil Phosphorus Testing for
Environmental Risk Assessment, Nutrient Management Planning, and Best Management
Planning Development and Implementation. The objectives of this Conference were to evaluate
the following:
I mpact of Phosphorus on the Bay - Determine the loading of P to agricultural landsin the Bay
watershed, their spatial and seasonal distribution, and where the main areas of impact in the Bay
are and how they are affected by the type, amount, timing, and location of P flowsin the Bay.
Sources and Transport of Agricultural Phosphorus Within the Bay Watershed - Identify and
evaluate critical source areas and processes controlling the export of P from agricultural soilsin
the watershed to the Bay itself. Discuss procedures and protocols for delineating critical source

areas of P over arange of scales (farm field to subwatershed) within the Bay Watershed.



Transfer of Phosphorus from the Farm to the Bay Scale - Identify and delineate what processes
control the critical sources and pathways of phosphorus export over arange of scalesin the Bay
Watershed. Determine the effects of river channel, impoundment and river processes on P
transfers, as one scales up transport processes from the farm to Bay scale.

Development of Integrated Nutrient Management Planning in the Bay Watershed - Discuss
how nutrient management plans can be developed for P aswell as nitrogen (N) in effortsto
maintain farm profitability and the quality of water resources in the Bay Watershed, particularly
where animal and manure production is localized.

Future Trends for Phosphorus Management in the Bay Watershed - Discuss what can be done
with current technology to minimize agricultural P losses and Bay inputs and prioritize future

trends for phosphorus management in the Chesapeake Bay Watershed.

From the author’ s area of expertise or experience, each addressed the questions; what do we
know, what do we still need to know, where are there major gaps in our knowledge, and how
does the information relate to P management strategies in the Bay Watershed? Asaresult, this
series of papers provides a unigue collation of information of regional, national, and international

significance and provides prioritized P management options for the Chesapeake Bay Watershed.



BACKGROUND
Phosphorus is an essential element for plant and animal growth and its input has long been
recognized as necessary to eliminate deficiencies and to maintain profitable crop and livestock
production. Additional P can also increase the biological productivity of surface waters by
accelerating eutrophication. Eutrophication is the natural aging of lakes or streams brought on
by nutrient enrichment. While the process is natural, human activities can change the land use of
awatershed, greatly accelerating the rate of eutrophication -- principally by increasing the rate at
which P is added to the aquatic system. Eutrophication of most fresh waters is accelerated by
increased P inputs. Phosphorus is often the limiting element and its control is of prime
importance in reducing the accel erated eutrophication of fresh watersin the Bay. When salinity

increases, as in estuarine parts of the Bay, N rather than P generally limits aguatic productivity.

Although urban and other sources contribute P to the Bay, the papers presented at this conference
focused on therole of P in agriculture and itsimpact on water quality in the Chesapeake Bay.
This focus was necessary because of recent concerns with P-related water quality issues, changes
in agricultural production within the Bay, and a shifting emphasis from N to P-based manure

management strategies.

Eutrophication has been identified by USEPA as the main problem in surface waters having
impaired water quality in the U.S. Eutrophication restricts water use for fisheries, recreation,

industry, and drinking, due to the increased growth of undesirable algae and aquatic weeds and



oxygen shortages caused by their die-off and decomposition. Associated periodic surface
blooms of cyanobacteria (blue-green algae) occur in drinking water supplies and may pose a
serious health hazard to livestock and humans. Recent outbreaks of the dinoflagellate Pfiesteria
piscicida in the eastern U.S., and Chesapeake Bay tributaries in particular, have been linked to
high nutrient levelsin affected waters. Neurological damage in people exposed to the highly
toxic volatile chemical produced by this dinoflagellate has dramatically increased public

awareness of eutrophication and the need for solutions.

The major contributors of P to the Chesapeake Bay are point sources (34%) and agricultural
runoff (49%) (Chesapeake Bay Program, 1995). These inputs accelerate eutrophication of the P-
sensitive fresh waters of upper Chesapeake Bay. Greater than expected reductionsin P
discharges from wastewater treatment plants have occurred because of limits on discharge
permits and from the 1990 P detergent ban. However, the reduction in P inputs from agricultural
runoff have been less dramatic, and has thus drawn attention to the implementation of nutrient

management plans and farm conservation practices to reduce P |osses.

Confined livestock operations are now a mgor source of agricultural income in Chesapeake Bay
states. However, the rapid growth and intensification of the livestock industry has created
regional and local imbalancesin P inputs and outputs. On average, only 30% of the fertilizer
and feed P input to farming systemsin the Bay is output in crops and livestock produce. In
Confined Animal Feeding Operations (CAFOs), this P tends to accumulate in manure. Because
manure has a much higher P:N ratio than that needed by plants growing on manured lands, and is
applied based on its N content, amounts of P added via manure often exceed crop requirements
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and uptake of P. A magjor and rapid buildup of P in soils has resulted, which has increased the
potential for P enrichment of runoff. In Pennsylvania, 48% of the soils analyzed for P by State
Soil Testing Laboratoriesin 1995 were in excess of that needed for agricultural production. This

value is 64% in Delaware, 48% in New Y ork, and 58% in Virginia.

Prior to World War 11, farming communities tended to be self-sufficient in that enough feed was
produced locally and recycled to meet livestock requirements. After World War |1, increased
fertilizer use in crop production fragmented farming systems, creating specialized crop and
livestock operations that efficiently coexist in different regions. Asfarmersdid not need to rely
on manures as nutrient sources (the primary source until fertilizer production and distribution
became cheaper), we could spatially separate grain and livestock production. By 1995, the
major livestock producing states imported over 80% of their grain for feed. In fact, lessthan a
third of the grain produced on farmsin the Bay is fed on the farm whereit is grown. Thus, the
inefficient utilization of P by crops and animals and specialization and concentration of

production systems, exacerbates the accumulation of in the Bay.

Phosphorus accumulation on farms has built-up soil P to levels that often exceed crop needs.
Today there are serious concerns that agricultural runoff (surface and subsurface) and erosion
from high P soils may be major contributing factors to surface water eutrophication. Phosphorus
lossin agricultural runoff is not of economic importance to farmers, amounting to only 1 or 2%
of that applied. However, the environmental problems associated with P losses from soils can
have significant off-site economic impacts on water quality. In some cases, these impacts are
manifested many miles from the site where P loss in soil erosion and runoff originally occurred.
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By the time the water quality impacts are noticeable, remedial strategies are difficult and
extensive to implement. Remediating surface waters impacted by P is further complicated by the
time involved (years to decades) and the fact that surface waters often cross political boundaries

(e.g. state lines).

REFERENCES
Chesapeake Bay Program. 1995. The state of the Chesapeake Bay, 1995. U.S. Govt. Print.
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I mpact of Phosphorus on the Bay

I nputs of Phosphorusto the Chesapeake Bay Water shed
AW. Taylor! and H.B. Pionke?

ABSTRACT
The water quality problems in the Chesapeake Bay are dominated by nutrients from both point
and non-point sources in the Basin. Close to three-quarters of the phosphorus load is contributed
by the non-point sources which are almost exclusively of agricultural origin. The sources of this
phosphorus include both fertilizers and animal manures. The factors controlling the applications
of these vary in differing parts of the Basin depending on the different soils and farming systems,
but the generally increasing concentration of phosphorus in many soil reflect continued
applications of both fertilizers and manures in excess of their removal in harvested crops and the
retention of the surplus by adsorption and fixation in the soil. 1n some areas of the Basin,

Chesapeake Research Consortium, c¢/o Smithsonian Environmental Research Center,
Edgewater, Maryland, 21037

“Pasture Systems and Watershed Management Research Laboratory, USDA-ARS, University
Park, Pennsylvania, 16802-3702



applications of manure, regarded as a waste material to be disposed of rather than used as a
renewable resource, has caused significant environmental impacts on water quality. The
advances in fertilizer technology that have led to this discounting of the value of manures are
reviewed together with the development of techniques for the identification of soils that contain
high phosphorus concentrations due to over-application of either fertilizers or manures. The fact
that avery small fraction of the applied phosphorus - usually less than 3% - is environmentally
significant needs to be recognized in the development of improved Best Management Practices
for the reducing entry into the Bay and Basin waters.

Impact of Nutrient Inflows on Chesapeake Bay

Walter R. Boynton
Chesapeake Biological Laboratory, Center for Environmental Science,
University of Maryland,P.O. Box 38, Solomons, MD 20688-0038

ABSTRACT
The purpose of this paper isto summarize selected research and monitoring conclusions
developed in the last decade regarding the sources, fate and effects of nutrients in Chesapeake
Bay. Compared to other estuarine systems, loading rates to Chesapeake Bay are moderate to high
for nitrogen (N) and low to moderate for phosphorus (P). While the effects of nutrient additions
vary among estuaries, current loads in Chesapeake Bay are sufficient to cause severe seasonal
hypoxia and to cause large declines in seagrass communities. Diffuse sources of N and P are the
dominant inputs but point and atmospheric sources are also important in tributary systems. On an
annual basis N was exported to the coastal ocean while P wasimported. Estuarine sediments are
capable of large releases of P, especially when dissolved oxygen concentrations near sediments
arelow (<2 mg L™). However, laboratory and field measurements indicate that sediment
reserves of labile N and P are sufficient to support high sediment nutrient releases for months to
ayear or so but not for decades. Mesocosm and bioassay experiments indicate that during warm
periods of the year phytoplankton communities are limited by N while P limits production in
tidal freshwater regions. Field, mesocosm and laboratory studies al suggest that Chesapeake Bay
and tributary systems are responsive to changes in nutrient loading rates on relatively short time
scales.



Sour ces and Transport of Agricultural Phosphorus within the Bay Water shed

Phosphor us Dynamicsin Soils of the
Chesapeake Bay Watershed: A Primer

Frank J. Coale
University of Maryland

ABSTRACT
Changes in the phosphorus (P) content of agricultural soils are primarily dependent on
management decisions made by farmers. Soil total P content and P partitioning among the
numerous forms of P present in soils are the cumulative result of land management decisions
made over many years. Soil P can be broadly and loosely organized into four categories based
on physical characteristics and relative reactivity with in the soil: soil solution P, labile organic
P, stable organic P, inorganic solid phase P. The only means by which the total amount of P in
an agricultural soil can be substantially increased is through the purposeful activities of the
managing farmer. Over the past 40 years, the P status of the agricultural soilsin the Chesapeake
Bay watershed has been increasing. Elevated soil test phosphorus levels are most pronounced in
regions of intense animal agriculture production. Production of traditional agronomic crops will
reduce the P level of very high P soils that pose environmental concern, but the rate of soil P
reduction will be slow and soil-type specific. There are three main pathways by which P may be
transported from a soil with field drainage water: surface runoff water, subsurface lateral flow,
and leaching to groundwater. Surface runoff P is usually the dominant mechanism for P loss
from most soils in the Chesapeake Bay watershed. The proposed use of conventional soil test P
fertility evaluation as a predictor of potential P loss with surface runoff water is highly
guestionable. Conversely, the P Index is a valuable nutrient management planning tool that
incorporates soil physical and chemical properties and landscape characteristics to assess the
site-specific potential for P loss with surface runoff water from. A useful P management plan for
afarm operation must include an evaluation of soil characteristics and farm management
aternatives on afield by field basis.



The Role of Soil Testing in Environmental Risk Assessment for Phosphorus®

J. Thomas Sms”
University of Delaware

ABSTRACT
Risk assessment is the process by which we estimate the probability that injury, loss, or damage
will occur to an organism, an ecosystem, or sector of the environment. This paper argues two
points. First, that aformal approach to risk assessment is needed for soil phosphorus (P) because
erosion and runoff (surface and subsurface) of P from agricultural soilsiswidely accepted asa
causative factor in the eutrophication of surface waters in the Chesapeake Bay watershed.
Further, it has recently been suggested that nonpoint source pollution of coastal rivers and
estuaries by agricultural P isapotential contributing factor to health-based risks for humans
caused by blooms of toxic algae and dinoflaggelletes. And, second, that soil testing, when
properly conducted, is an essential and vital component of the risk assessment process. To fully
use soil Ptesting in risk assessment, it is essential to consider: (i) the most effective meansto
use current agronomic soil P tests and data bases for environmental purposes; (ii) the value of
and future research needed with newly developed environmental soil P tests (e.g. soluble P,
potentially desorbable P, degree of P saturation); and (iii) integration of current and new soil P
tests into more holistic approaches to risk assessment, such as the multi-parameter Phosphorus
Index and watershed-scale P transport models.

Critical Areas of Phosphorus Export from Agricultural Water sheds

W.J. Gburek, A.N. Sharpley, and G.J. Folmar
Pasture Systems and Water shed Management Research Laboratory
USDA-ARS, University Park, PA

ABSTRACT

Phosphorus (P)-focused management of all fields having high soil P levels or high rates of P
input viafertilizer or manure is not necessary to reduce P export from awatershed. Rather,
management should focus on the areas representing the intersections of high P source-areas with
areas of actual or potential transport mechanisms, primarily surface runoff and erosion. These
intersections define the critical source areas (CSAS) controlling P export. In this paper, we
extend the generalities of phosphorus soil chemistry and pathways of transport addressed in
previous papers in this symposium to the watershed scale. Based on the watershed-scale
findings, we suggest modifications to the NRCS Phosphorus Index, a user-oriented tool for

3Presented at the conference: Agricultural Phosphorus in the Chesapeake Bay Watershed: Current Satus
and Future Trends. Sponsored by the Chesapeake Bay Program’s Scientific and Technical Advisory Committee.

*Professor of Soil and Environmental Chemistry, Dep. of Plant and Soil Sciences, University of Delaware,
Newark, DE 19717-1303.

10



identification of CSAs controlling P export from agricultural watersheds and evaluation of
management options available.

Transfer of Phosphorusfrom the Farm to the Bay Scale

Pathways of Phosphorus Transport

Louise Heathwaite®, Phil Haygarth? and Rachael Dils'
'Department of Geography, University of Sheffield, Sheffield, S10 2TN, UK
%Institute of Grassland and Environmental Research, North Wyke, Okehampton, EX20 2SB, UK
“Corresponding author: a.l.heathwaite@sheffield.ac.uk

ABSTRACT
The hydrological pathways enabling transport of potentially mobile P from agricultural land to
receiving waters are examined. While surface runoff remains an important pathway of P loss,
recent research demonstrates the potential for subsurface transport of P in macropore flow and
from drained land. The forms of mobilised P differ according to the transport pathway. For
grassland, dissolved P is transported in surface runoff but particulate P is proportionately more
important in macropore and drainflow - especially during storm events. Tilled land generally
shows high particulate P transport. Where livestock intensification has increased the rate of
manure returns to land, there is clear evidence of enhanced P transport, both as incidental 1osses
in surface runoff and through matrix or preferential flow in subsurface pathways.

Transfer of Phosphorus from the Farm to the Bay

David L. Correll, Thomas E. Jordan and Donald E. Weller
Smithsonian Environmental Research Center

ABSTRACT
Phosphorusis a key element related to the eutrophication of Chesapeake Bay. Farm fields are a
major source of Pinland discharges. Most of the P is transported from fields to the receiving
waters via overland flows during storm events, particularly in wet seasons of the years. The flux
of total-P from Rhode River cropland was 58, 1350, and 10800 g P ha in very dry, average
precipitation, and very wet years, respectively. Almost al of the P transported in storm eventsis
particul ate organic-P and particulate inorganic-P. Some of this Pisreleased as dissolved
inorganic phosphate after entering the Chesapeake. The integrated mean particul ate-P
concentrations during storm events were directly correlated with peak water discharge during the
storms. Increased fluxes of P in wet periods was due to both higher water discharges and higher
P concentrations, especialy in the spring. Rhode River watershed fluxes of P were higher in
general than those we measured in other parts of the Coastal Plain and Piedmont. Riparian
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buffers will only intercept large amounts of P from overland storm flows if they are managed to
prevent concentrated flows during storms. Reservoirs have a major impact on the transport of
both particulate and dissolved forms of P.

Development of I ntegrated Nutrient M anagement Planning in the Bay Water shed

Nutrient Management: Regional 1ssues Affecting the Bay

LesE. Lanyon
Department of Agronomy
The Pennsylvania State University

ABSTRACT
The perception of animal manure in agriculture recently has changed from viewing it asa
valuable resource to seeing it as athreat to environmental quality. Knowing the history of P use
in agriculture and recognizing the structure of contemporary agriculture can be the basis for
understanding the connections involved in managing P and envisioning nutrient management in
the future. The key to the transformation of agriculture was the privatization of industrial N-
fixation capacity following WW I1 for fertilizer production. From that point, nutrients could be
supplied for agricultural usesin totally new ways without the historic constraints due to quantity
or location. Farms could be organized based on feedback messages other than the biological
dimension and agriculture changed dramatically as aresult. Crop and animal production
intensified in specialized regions and nutrients flowed from one to the other and began to
accumul ate where the animals were located. These changes were encouraged by a variety of
policy and economic incentives that originated beyond the boundaries of individua farms. Our
visions of the future must not perceive animal manure as a problem to be solved by farmers, but
as a symptom requiring more sweeping reforms. A large “community” of concern can help
create the strategic change necessary for farmers and agribusiness to make choices that reconcile
the need for economic production and environmental protection.

Integrating Phosphorus and Nitrogen M anagement at the Farm Level

Douglas Beegle
The Pennsylvania State University

ABSTRACT
There are environmental concerns with both nitrogen (N) and phosphorus (P) from agriculture.
Accumulations of N and P have occurred on many farms because of the structure of modern
intensive animal agriculture systems. Most nutrient management systems are based on balancing
N with less attention being paid to P. Thisis because of the greater environmental concern with
nitrogen and generally lower economic consequences related to N management due to the higher
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risk associated with improper N based management and the greater costs associated with P based
management. When manure nutrients are applied based on N there will usually be an excess of P
applied. Traditional management systems have tried to deal with this excess by emphasizing
best management practices to minimize the potential environmental impact of this excess P.
Phosphorus-based nutrient management plans usually require greater cropland area to balance
the P which resultsin a greater economic cost for nutrient management. As concern increases
about the potential for environmental problems with P, integrating N and P management will
require innovative management systems that combine a variety of management strategies.
Components of this system might include: changesin cropping systems; improved feeding
systems such as addition of enzymesto improve P utilization by the animals; improved best
management practices to control N and P transport; manure additives such as alum to reduce
availability of P to the environment; and site specific management to delineate critical source
areas for N and P loss and manage them accordingly. While these measures will help to
minimize the environmental impact of excess nutrients, the ultimate solution to the nutrient
management problems that will enable sustainable agricultural production for the long term will
require bringing nutrients inputs into balance with nutrient requirements.

On-Farm Management Optionsfor Controlling
Phosphor us Inputsto the Bay

Patricia Seinhilber and Richard Weismiller
University of Maryland

ABSTRACT
A wide array of options for on-farm phosphorus (P) management is being discussed and debated
by agricultural advisors, citizens' action groups, tributary teams, journalists, environmentalists
and farmers, often without regard to the current state of knowledge, effectiveness, or the long-
term sustainability of each practice. The discussion that follows will examine the status,
effectiveness and limitations of options currently being discussed in Maryland. Practices that
can impact the soil P status and as well as those that can affect transport of P from afield will be
discussed.
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