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The 2004 Integrated Water Quality Assessment Report by
the Oklahoma Department of Environmental Quality showed
16,041 miles of Oklahoma streams and 225,421 acres of lake
impaired. The pollutant of concern in many of these impair-
ments was phosphorus, an essential plant nutrient found in
fertilizer and human and animal wastes.

Phosphorus is the plant nutrient most often responsible
for impairment of surface water. It is essential for healthy,
productive crops, and most agronomic systems call for appli-
cation of commercial fertilizer or animal manure to correct soil
phosphorus deficiencies. For both economic and environmen-
tal reasons, application of phosphorus is not recommended,
however, where soil tests show phosphorus reserves are
adequate for the intended crop.

Phosphorus is typically not considered a ground-water
pollutant. Further, most soils have the capacity to retain phos-
phorus in the upper layers, protecting the ground water.

Concerns about Phosphorus in Water

Excess phosphorus is a concern for most aquatic ecosys-
tems. Under background conditions, where human activities do
not dominate the landscape, phosphorus is generally in short
supply. Its absence limits the growth of algae and aquatic
plants. When additional phosphorus becomes available to
the aquatic system, it stimulates growth of algae and other
aquatic plants. This condition of nutrient enrichment and high
plant productivity is referred to as eutrophication.

Under eutrophic conditions, recreational values of lakes
and streams may suffer. In the early stages of eutrophication,
fishing may improve as productivity increases the food supply.
But when these algae and aquatic plants die, their decompo-
sition consumes oxygen causing fish kills and disagreeable
conditions.

Another undesirable effect of eutrophication is the growth
of bluegreen algae. These algae gain a competitive advantage
andtend to dominate the algal community where phosphorusis
in excess. They are a particular concern because they release
odiferous and even toxic compounds. Their presence at high
concentration (called bloom conditions) generally results in
odor and taste problems in drinking water and allergic and
even toxic effects for those who come in contact with them.
In Oklahoma bluegreen algae blooms have caused cattle
death.

Improving water quality in a lake impaired by excessive
phosphorus is difficult because phosphorus accumulates in
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Algae bloom on Lake Eucha near Jay, Oklahoma (courtesy
of City of Tulsa).

the sediments and biota. Consequently it may take years
after phosphorus sources have been reduced or eliminated
for conditions to improve. It is, therefore, important to take
preventive steps to limit phosphorus movement into surface
waters.

Particulate and Dissolved Phosphorus

In the environment, phosphorus may be in dissolved or
particulate forms. Dissolved phosphorus is readily available
to aquatic organisms. It may result from leaching of fertilizer,
crop residues, or human or animal wastes. A small amount
of dissolved phosphorus exists naturally in soils. This may be
transferred to runoff water by exchanges with the top layer
of the soil. Recently applied fertilizer or manure still on the

Eutrophication

Lakes and ponds naturally support a healthy population
of aquatic life. But if nutrient levels, especially phospho-
rus, become too high, production of algae and aquatic
plants increases and the following undesirable changes
can occur:

e Excessive algae growth

* Reduced water clarity

¢ Unpleasant odor and taste

¢ Low dissolved oxygen

e Changes in fish populations or fish kills

e Toxins from bluegreen algae

Division of Agricultural Sciences and Natural Resources ¢ Oklahoma State University



soil surface can be a particularly large source of dissolved
phosphorus.

Particulate phosphorus may be associated with soil par-
ticles and minerals containing aluminum, iron, or calcium or
with organic matter like plant or animal materials. Particulate
phosphorus moves primarily by soil erosion or wash off from
the land surface. Whereas dissolved forms of phosphorus
are readily available to algae, particulate phosphorus may be
unavailable or slowly available to aquatic organisms. Where
particulate phosphorus has accumulated in streambeds and
lake beds, release of dissolved phosphorus from sediments
can be a source of phosphorus for many years.

Sources of Phosphorus

Phosphorus comes from both pointand nonpoint sources.
Point sourcesinclude municipal waste treatment plants, indus-
trialdischarge, large confined livestock operations, and urban
stormwater. These sources are regulated by federal and state
laws. They are generally required to have environmental
controls such as waste handling and treatment systems and
nutrient management plans.

Nonpoint sources of phosphorus include soil erosion and
water runoff from cropland, lawns and gardens, home waste
treatment systems, livestock pastures, rangeland, and even
forests. Urban areas may produce significant nonpoint source
phosphorus runoff due to over-application of fertilizer to lawns
and gardens. Homeowners who apply fertilizer without follow-
ing soil testrecommendation eventually build up very high soil
test phosphorus levels that can become significant sources
of phosphorus in runoff. And most importantly, fertilizer, pet
waste, and lawn clippings left on driveways, sidewalks, or
streets are a direct source of pollution through storm drains
in urban areas.

OSU Researchers use rainfall simulator to investigate phosphorus BMPs for pasture systems.

Factors that affect the level of nonpoint source phospho-
rus in runoff from cropland and pasture land include the soil
phosphorus concentration, or Soil Test Phosphorus (STP),
the erosion rate, and the application rate and timing of com-
mercial fertilizer or animal manure. Generally, high STP in
the watershed results in high concentrations of particulate
and dissolved phosphorus in runoff.

In cropland, about 75 to 90 percent of phosphorus that
moves into surface water is particulate phosphorus associated
with eroded soil. In runoff from well managed pasture and
rangeland, where erosion is slight, almost all the phosphorus
is dissolved.

Livestock congregating in riparian areas (the areas
directly adjacent to streams) are also a significant source of
phosphorus. This is a particular concern where animals are
fed and watered in or near the stream.

Poorly designed or failing septic systems are also con-
cerns with problems such as: discharging directly into streams
or ditches, overloading the soil adsorption area, or draining
too quickly to ground water and nearby surface waters. Such
failing or poorly designed systems may discharge human
waste, nutrients, and pathogens directly into streams, lakes,
or ground water creating significant public health problems
in addition to nutrient enrichment.

Controlling Phosphorus Runoff

Pointsources of phosphorus, like municipal andindustrial
waste treatment plants are generally governed by federal and
state regulations and permits. Urban and industrial stormwa-
ter, from the storm sewer system of the larger cities, too, are
governed by federal and state permits.

Special rules are in place in Oklahoma for pollution control
at animal feeding operations. Poultry producers and those
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who apply poultry litter to the land as fertilizer are subject to
special rules that require them to take continuing education
each year and to follow nutrient management plans. Similar
rules apply to operators of cattle and hog feeding operations.
Nutrient management plans for animal waste are based on
the USDA Natural Resources Conservation Service 590
standard.

Nonpoint sources of phosphorus are not subject to regu-
lation by state or federal agencies. Pollution control of runoff
from cropland, pastures, forests, and lawns and gardens

depend on the voluntary use of Best Management Practices
(BMPs). Technical assistance and, in some cases, cost share
incentives are available from state and federal agencies to
assist in implementing BMPs on farmland.

Many BMPs have been developed for application in both
agricultural and urban areas. Assistance with these practices
is available from the County Conservation District, the USDA
Natural Resources Conservation Service (NRCS), and the
county OSU Extension Office.

Fertilizer on streets and sidewalks is an important concern in urban areas.

to streams and sensitive riparian areas.

BMPs
Best Management Practices to Control Phosphorus Loss

(1) Cropland and Pasture BMPs - Soil test and use only the amount of fertilizer or manure recom-
mended. Crop production practices like banding, incorporating fertilizer below the soil surface
near the plant, minimizes application rates and reduces runoff. Apply manure to pastures only
when soils are not frozen and rainfall is not expected. Always leave a vegetated buffer down
slope from fertilizer or manure application areas and around water resources.

(2) Erosion control BMPs. About 75 to 90 percent of phosphorus from cropland is attached to
eroded soil particles. Consequently BMPs that reduce soil erosion, like no-till cropping systems,
terraces, and contour strip-cropping, reduce phosphorus loss substantially. Proper stocking rates
for grazing systems on pasture and range, too, can reduce erosion and phosphorus loss.

(3)Livestock Production BMPs. Confined animal feeding operations (CAFOs) and dairies should
be located away from waterways and surface drainage features. A Waste Management Plan,
including waste collection, storage, and handling as well as nutrient management for applica-
tion areas should be followed. Pasture management systems should include improved grazing
systems, like rotational grazing and riparian management that restrict the access of livestock

(4)Urban BMPs. Proper design and maintenance of septic systems; soil testing for lawns and
gardens; cleaning up spilled fertilizer, grass clippings and pet wastes; and increasing infiltration
with Bioretention cells, bio-swales, and porous pavement are examples of urban BMPs.
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The Oklahoma Cooperative Extension Service
Bringing the University to You!

The Cooperative Extension Service is the largest,
most successful informal educational organization
in the world. It is a nationwide system funded and
guided by a partnership of federal, state, and local
governments that delivers information to help people
help themselves through the land-grant university
system.

Extension carries out programs in the broad catego-
ries of agriculture, natural resources and environment;
family and consumer sciences; 4-H and other youth;
and community resource development. Extension
staff members live and work among the people they
serve to help stimulate and educate Americans to
plan ahead and cope with their problems.

Some characteristics of the Cooperative Extension
system are:

e The federal, state, and local governments co-
operatively share in its financial support and
program direction.

e |tis administered by the land-grant university as
designated by the state legislature through an
Extension director.

e Extension programs are nonpolitical, objective,
and research-based information.

It provides practical, problem-oriented education
for people of all ages. It is designated to take the
knowledge of the university to those persons
who do not or cannot participate in the formal
classroom instruction of the university.

It utilizes research from university, government,
and other sources to help people make their own
decisions.

More than a million volunteers help multiply the
impact of the Extension professional staff.

It dispenses no funds to the public.

It is not a regulatory agency, but it does inform
people of regulations and of their options in meet-
ing them.

Local programs are developed and carried out in
full recognition of national problems and goals.

The Extension staff educates people through
personal contacts, meetings, demonstrations,
and the mass media.

Extension has the built-in flexibility to adjust its
programs and subject matter to meet new needs.
Activities shift from year to year as citizen groups
and Extension workers close to the problems
advise changes.

Oklahoma State University, in compliance with Title VI and VII of the Civil Rights Act of 1964, Executive Order 11246 as amended, Title IX of the Education Amendments of 1972, Americans
with Disabilities Act of 1990, and other federal laws and regulations, does not discriminate on the basis of race, color, national origin, gender, age, religion, disability, or status as a veteran in
any of its policies, practices, or procedures. This includes but is not limited to admissions, employment, financial aid, and educational services.

Issued in furtherance of Cooperative Extension work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Robert E. Whitson, Director of Cooperative Exten-

sion Service, Oklahoma State University, Stillwater, Oklahoma. This publication is printed and issued by Oklahoma State University as authorized by the Vice President, Dean, and Director of
the Division of Agricultural Sciences and Natural Resources and has been prepared and distributed at a cost of $1.35 per copy. 1207
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