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Disclaimer

This document provides guidance to States, Territories, authorized Tribes, and
the public regarding management measures that may be used to reduce nonpoint
source pollution from agricultural activities. This document refers to statutory
and regulatory provisions which contain legally binding requirements. This
document does not substitute for those provisions or regulations, nor is it a
regulation itself. Thus, it does not impose legally-binding requirements on EPA,
States, Territories, authorized Tribes, or the public and may not apply to a
particular situation based upon the circumstances. EPA, State, Territory, and
authorized Tribe decision makers retain the discretion to adopt approaches on a
case-by-case basis that differ from this guidance where appropriate. Interested
parties are free to raise questions and objections about the appropriateness of the
application of the guidance to a particular situation, and EPA will consider
whether or not the recommendations in this guidance are appropriate in that
situation. EPA may change this guidance in the future.
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Introduction

The nation’s aquatic resources are among its most valuable assets. While
environmental protection programsin the United States have successfully
improved water quality during the past 25 years, many challenges still remain.
Although significant strides have been made in reducing the impacts of discrete
pollutant sources, aguatic ecosystems remain impaired, primarily due to com-
plex pollution problems caused by nonpoint source (NPS) pollution.

The most recent national water quality inventory shows that, as of 2000, 39% of
assessed stream miles, 45% of assessed |ake acres, and 51% of assessed estuary
acres are impaired. The leading causes of impairment are nutrients, siltation,
metal's, and pathogens. State inventories indicate that agriculture, including crop
production, animal operations, pastures, and rangeland, impacts 18% of the total
river and stream miles assessed, or 48% of theriver and streams identified as
impaired (EPA, 2002).

The Purpose and Scope of this Guidance

This guidance document is intended to provide technical information to state
program managers and others on the best available, economically achievable
means of reducing NPS pollution of surface and ground water from agriculture.
The guidance provides background information about agricultural NPS pollu-
tion, where it comes from and how it enters the nation’s waters, discusses the
broad concept of assessing and addressing water quality problems on a water-
shed level, and presents up-to-date technical information about how to reduce
agricultural NPS pollution. This document is not intended to be a“how to”
technical guide for natural resource assessment, planning, design, and imple-
mentation.

The causes of agricultural NPS pollution, specific pollutants of concern, and
general approaches to reducing the impact of such pollutants on aquatic re-
sources are discussed in the Overview (Chapter 2). A general discussion of best
management practices (BMPs) and the use of combinations of individual
practices (BMP systems) to protect surface and ground water is given in Chapter
3. Management measures for nutrient management; pesticide management;
erosion and sediment control; managing facility wastewater, manure and runoff
from animal feeding operations; grazing management; and irrigation water
management are described in Chapter 4. Also in Chapter 4 are discussions of
BMPsthat can be used to achieve the management measures, including cost and
effectiveness information. Chapter 5 summarizes watershed planning principles,
and Chapters 6 and 7 give overviews of nonpoint source monitoring and pollut-
ant load estimation, respectively.

While the scope of this guidanceis broad, covering diverse agricultural NPS
pollutants from arange of sources, there are anumber of issues that are not
covered. Such issues include nutrient transfer over long distances (e.g., the

Agriculture is listed
as a source of
pollution for 48% of
the impaired river
miles reported in the
United States.

This guidance is
designed to provide
current information
to state program
managers on
controlling
agricultural nonpoint
source pollution.
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This document does
notimpose legally-
binding requirements
on EPA, the states,
or the public.

This guidance does
NOT replace the
1993 Guidance
Specifying
Management
Measures for
Sources of Nonpoint
Pollution in Coastal
Waters.

shipping of feed from one state to another in which the resulting animal wasteis
then applied to fields), animal nutrition (e.g., changing the nutrient mix fed to
livestock as an approach to managing nutrients in animal waste), alternatives for
manure (such as composting or regional distribution of manure from farms that
do not need it to farms that can use it), odor control, and methane production.
Furthermore, because it is national in scope, this document cannot address all
practices or techniques specific to local or regional soils, climate, or agronomic
conditions. In addition, new BMPs are being devel oped as aresult of ongoing
agricultural research. Readers should consult with state or local agencies includ-
ing the United States Department of Agriculture (USDA)—Natural Resources
Conservation Service (NRCS), Cooperative Extension, land grant universities,
conservation districts, and agricultural organizations for additional information
on agricultural nonpoint source pollution controls applicable to their local area.

This document provides guidance to states, territories, authorized tribes, and the
public regarding management measures that may be used to reduce nonpoint
source pollution from agricultural activities. This document refers to statutory
and regulatory provisions which contain legally binding requirements. This
document does not substitute for those provisions or regulations, nor isit a
regulation itself. Thus, it does not impose legally-binding requirements on EPA,
states, territories, authorized tribes, or the public and may not apply to a particu-
lar situation based upon the circumstances. EPA, state, territory, and authorized
tribe decision makers retain the discretion to adopt approaches on a case-by-case
basis that differ from this guidance where appropriate. EPA may change this
guidanceinthefuture.

Readers should note that this guidance is entirely consistent with the Guidance
Foecifying Management Measures for Sources of Nonpoint Pollution in Coastal
Waters (EPA, 1993a) published under Section 6217 of the Coastal Zone Act
Reauthorization Amendments of 1990 (CZARA). This guidance, however, does
not supplant or replace the 1993 coastal management measures guidance for the
purpose of implementing programs under Section 6217.

Under CZARA, statesthat participate in the Coastal Zone Management Program
under the Coastal Zone Management Act are required to develop coastal
nonpoint pollution control programs that ensure the implementation of EPA’s
management measuresin their coastal management area. The 1993 guidance
continuesto apply to that program.

This document modifies and expands upon supplementary technical information
contained in the Coastal Management M easures Guidance both to reflect cir-
cumstances relevant to differing inland conditions and to provide current techni-
cal information. It does not set new or additional standardsfor either CZARA
Section 6217 Coastal Nonpoint Pollution Control Programs or Clean Water Act
Section 319 Nonpoint Source Management Programs. It does, however, provide
information that can be used by government agencies, private sector groups, and
individual s to understand and apply measures and practices to address agricul-
tural sources of nonpoint source pollution.

1-2

NAsbmingidrativedremesdures to Control Nonpoint Pollution from Agriculture
Page 37572



Chapter 1: Introduction

What is Nonpoint Source Pollution?

Nonpoint source pollution generally results from precipitation, land runoff,
infiltration, drainage, seepage, hydrologic modification, or atmospheric deposi-
tion. Asrunoff from rainfall or snowmelt moves, it picks up and transports
natural pollutants and pollutants resulting from human activity, ultimately
depositing them into rivers, lakes, wetlands, coastal waters, and ground water.
Technically, the term nonpoint source is defined to mean any source of water
pollution that does not meet the legal definition of point sourcein Section
502(14) of the Clean Water Act of 1987:

The term point source means any discernible, confined
and discrete conveyance, including but not limited to any
pipe, ditch, channel, tunnel, conduit, well, discrete fissure,
container, rolling stock, concentrated animal feeding
operation, or vessel or other floating craft from which
pollutants are or may be discharged. This term does not
include agricultural stormwater discharges and return
flows from irrigated agriculture.

Although diffuse runoff is generally treated as nonpoint source pollution, runoff
that enters and is discharged from conveyances such as those described aboveis
treated as a point source discharge and hence is subject to the permit require-
ments of the Clean Water Act. In contrast, nonpoint sources are not subject to
federal permit requirements. Point sources generally enter receiving water
bodies at someidentifiable site(s) and carry pollutants whose generation is
controlled by someinternal process or activity, rather than weather. Point source
discharges such as municipal and industrial waste waters, runoff or leachate
from solid waste disposal sites and concentrated animal feeding operations, and
storm sewer outfalls from large urban centers are regulated and permitted under
the Clean Water Act.

Whileit isimperative that water program managers understand and manage in
accordance with legal definitions and requirements, the non-legal community
often characterizes nonpoint sources in the following ways:

(7] Nonpoint source discharges enter surface and/or ground watersin a
diffuse manner at intermittent intervals related mostly to meteorol ogical
events.

(7] Pollutant generation arises over an extensive land area and moves
overland before it reaches surface waters or infiltrates into ground
waters.

(7] Theextent of NPS pollution isrelated to uncontrollable climatic events
and to geographic and geologic conditions and varies greatly from place
to place and from year to year.

(] Theextent of NPS pollution is often more difficult or expensiveto
monitor at the point(s) of origin, as compared to monitoring of point
SOUrces.

National Management Measures to Control Nonpoifdsiinsdi aweAg e
Page 37573

1-3



Chapter 1: Introduction

Section 319 requires
states to assess
NPS pollution and
implement
management
programs.

Section 319
authorizes EPAto
provide grants to

(7] Abatement of nonpoint sourcesis focused on land and runoff manage-
ment practices, rather than on effluent treatment.

(7] Nonpoint source pollutants may be transported and/or deposited as
airborne contaminants.

Nonpoint source pollutants that cause the greatest impacts are sediments,
nutrients, toxic compounds, organic matter, and pathogens. Hydrologic modifi-
cation can also cause adverse effects on the biological, physical, and chemical
integrity of surface and ground waters.

National Efforts to
Address Nonpoint Source Pollution

Nonpoint Source Program — Section 319 of the
Clean Water Act

During the first 15 years of the national program to abate and control water
pollution (1972—-1987), EPA and the states focused most of their water pollution
control activities on traditional point sources. These point sources are regulated
by EPA and the states through the National Pollutant Discharge Elimination
System (NPDES) permit program established by Section 402 of the 1972

Federal Water Pollution Control Act (Clean Water Act). Discharges of dredged
and fill materialsinto wetlands have also been regulated by the U.S. Army Corps
of Engineersand EPA under Section 404 of the Clean Water Act.

Asaresult of the above activities, the nation has greatly reduced pollutant loads
from point source discharges and has made considerable progressin restoring
and maintaining water quality. However, the gainsin controlling point sources
have not solved all of the nation’s water quality problems. Recent studies and
surveys by EPA and by states, tribes, territories, and other entities, indicate that
the mgjority of the remaining water quality impairmentsin our nation’srivers,
streams, lakes, estuaries, coastal waters, and wetlands result from NPS pollution
and other nontraditional sources, such as urban storm water discharges and
combined sewer overflows.

In 1987, in view of the progress achieved in controlling point sources and the
growing national awareness of theincreasingly dominant influence of NPS

assist state NPS pollution on water quality, Congress amended the Clean Water Act to provide a
pollution control national framework to address nonpoint source pollution. Under this amended
programs. version, referred to as the 1987 Water Quality Act, Congress revised Section
101, “Declaration of Goalsand Policy,” to add the following fundamental
principle:
It is the national policy that programs for the control of
nonpoint sources of pollution be developed and
implemented in an expeditious manner so as to enable the
goals of this Act to be met through the control of both point
and nonpoint sources of pollution.
14 NAsbmingidrativedremesdures to Control Nonpoint Pollution from Agriculture

Page 37574



Chapter 1: Introduction

More importantly, Congress enacted Section 319 of the 1987 Water Quality Act,
which established a national program to address nonpoint sources of water
pollution. Under Section 319, states address NPS pollution by assessing NPS
pollution problems and causes within the state and implementing management
programs to control the NPS pollution. Section 319 authorizes EPA to issue
grants to states to assist them in implementing management programs or portions
of management programs which have been approved by EPA. For additional
information and alist of state contacts, see www.epa.gov/owow/nps.

National Estuary Program

EPA also administers the National Estuary Program under Section 320 of the
Clean Water Act. This program focuses on point and NPS pollution in geo-
graphically targeted, high-priority estuarine waters. In this program, EPA assists
state, regional, and local governmentsin developing and implementing compre-
hensive conservation and management plans that recommend priority corrective
actions to restore estuarine water quality, fish populations, and other designated
usesof thewaters.

Pesticides Program

Another program administered by EPA that controls some forms of NPS pollu-
tion is the pesticides program under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). Among other provisions, this program authorizes EPA
to control pesticides that may threaten ground and surface water. FIFRA pro-
vides for the registration of pesticides and enforceable |abel requirements, which
may include maximum rates of application, restrictions on use practices, and
classification of pesticides as “restricted use” pesticides (which restricts use to
certified applicators trained to handle toxic chemicals).

The Federal Coastal
Nonpoint Pollution
Control Program
(6217) is designed

Coastal Nonpoint Pollution Control Program to enhance state and

In November 1990, Congress enacted the Coastal Zone Act Reauthorization Ir?l(;?llaef;olrati;ouse
Amendments (CZARA). These amendments were intended to address several 9

. : . . activities that
concerns, including the impact of NPS pollution on coastal waters. degrade coastal

To more specifically address the impacts of NPS pollution on coastal water habitats and waters.
guality, Congress enacted Section 6217, Protecting Coastal Waters (codified as

16 U.S.C. Section 1455b). Section 6217 provides that each state with an ap-

proved Coastal Zone Management Program must develop and submit to EPA and

the National Oceanic and Atmospheric Administration (NOAA) for approval a

Coastal Nonpoint Pollution Control Program. The purpose of the program “ shall

be to devel op and implement management measures for nonpoint source pollu-

tion to restore and protect coastal waters, working in close conjunction with

other state and local authorities.”

Coastal Nonpoint Pollution Control Programs are not intended to supplant
existing coastal zone management programs and NPS management programs.
Rather, they are intended to serve as an update and expansion of existing NPS
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In selected
watersheds, the
RCWP showed that
implementation of
agricultural BMPs
improved water
quality.

management programs and are to be coordinated closely with the coastal zone
management programs that states and territories are already implementing
pursuant to the Coastal Zone Management Act of 1972. The legidative history
indicates that the central purpose of Section 6217 isto strengthen the links
between federal and state Coastal Zone Management and Water Quality Pro-
grams and to enhance state and local efforts to manage land use activities that
degrade coastal waters and habitats.

Section 6217(g) of CZARA requires EPA to publish, in consultation with
NOAA, the U.S. Fish and Wildlife Service, and other federal agencies, “guid-
ance for specifying management measures for sources of nonpoint pollutionin
coastal waters.” Management measures are defined in Section 6217(g)(5) as.

economically achievable measures for the control of the
addition of pollutants from existing and new categories
and classes of nonpoint sources of pollution, which reflect
the greatest degree of pollutant reduction achievable
through the application of the best available nonpoint
source control practices, technologies, processes, siting
criteria, operating methods, or other alternatives.

EPA published Guidance Specifying Management Measures for Sources of
Nonpoint Source Pollution in Coastal Waters (EPA, 1993a). In EPA’'s (1993a)
document, management measures for urban areas; agricultural sources; forestry;
marinas and recreational boating; hydromodification (channelization and chan-
nel modification, dams, and streambank and shoreline erosion); and wetlands,
riparian areas, and vegetated treatment systems were defined and described. The
management measures for controlling agricultural NPS pollution discussed in
Chapter 4 of this document are based on those outlined by EPA (1993a).

Source Water Protection Program

The 1996 Amendments to the Safe Drinking Water Act provided for source
water assessment and protection programs to prevent drinking water contamina-
tion. States are required to develop comprehensive Source Water A ssessment
Programs (SWAPs) that will: identify the areas that supply public tap water;
inventory contaminants and assess water system susceptibility to contamination
and inform the public of the results. EPA isresponsible for the review and
approval of state SWAPs. Severa programs specifically address ground water
protection.

Rural Clean Water Program (RCWP)

The Rural Clean Water Program (RCWP), an NPS pollution control program
implemented by USDA and EPA, was conducted from 1980 to 1990 as an
experimental effort to address agricultural NPS pollution in watersheds across
the country.

The objectives of the RCWP were to:

(7] Achieveimproved water quality in the approved project areain the most
cost-effective manner possible while providing food, fiber, and aquality
environment;
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(7] Assist agricultural landowners and farm operatorsin reducing agricul-
tural NPS water pollutants and improving water quality in rural areasto
meet water quality standards or goals; and

(7] Develop and test programs, policies, and procedures for the control of
agricultural NPS pollution.

Twenty-one experimental projects were funded across the United States. Each
project included implementation of BMPs to reduce NPS pollution and water
guality monitoring to evaluate the effects of BMPs. The BMPs were targeted to
critical areasin each project — sources of NPS pollutants identified as having
significant impacts on the impaired water resource. Landowner participation was
voluntary, with cost-sharing and technical assistance offered asincentivesfor
implementing BMPs.

The linkage of water quality monitoring to land treatment effortsin the RCWP
hel ped improve targeting of BMPs to sources most in need of treatment. Water
quality findings from the RCWP projects were also used to adjust and refine
agricultural NPS programs and BMPs. Additional details are available in the
project evaluation report (EPA, 1993c).

2002 Farm Bill Conservation Provisions

Technical and financial assistance for landowners seeking to conserve, improve,
and sustain our soil and other natural resources is authorized by the federal
government under provisions of the Food Security and Rural Investment Act
(Farm Bill). The following sections summarize provisionsin the 2002 Act
relating directly to installation and maintenance of BMPs. For additional infor-
mation, seethe U.S. Department of Agriculture’s website at www.usda.gov.

Environmental Quality I ncentives Program (EQIP) — The EQIPwas
established by the 1996 Farm Bill to provide avoluntary conservation program
for farmers and ranchers who face serious threats to soil, water, and related
natural resources. Funding increases are authorized from $200 million to

$1.1 billion between 2002 and 2007. EQIP offers financial, technical, and
educational help to install or implement structural, vegetative, and management
practices designed to conserve soil and other natural resources. The law dictates
that 60% of the available monies be directed to livestock-related concerns. Cost-
sharing generally pays up to 75% of the costs for certain conservation practices.
Incentive payments may be made to encourage producersto perform land
management practices such as nutrient management, manure management,
integrated pest management, irrigation water management, and wildlife habitat
management. Cost-share for construction of animal waste management facilities
isnow allowed for livestock operations over 1,000 animal units.

Conservation Reserve Program (CRP) — First authorized by the Food
Security Act of 1985 (Farm Bill), thisisavoluntary program that offers annual
rental payments, incentive payments, and cost-share assistance for establishing
long-term, resource-conserving cover crops on highly erodible land. Conserva-
tion Reserve Program contracts are issued for a duration of 10 to 15 yearsfor up
to 39.2 million acres of cropland and marginal pasture. Land can be accepted
into the CRP through a competitive bidding process where al offers are ranked
using an environmental benefitsindex, or through continuous sign-up for

Many Farm Bill
programs provide
funds for land
treatment. Please
contact your state or
local USDA office for
details.
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eligible lands where certain special conservation practices (e.g. filter stripsand
riparian buffers) will beimplemented.

Conservation Security Program — This 2002 Farm Bill program provides
incentive payments to producers who adopt or maintain existing conservation
practices. Producers may receive up to 20,000, 35,000, or 45,000 dollars per
year for practice falling into 3 tiers. The higher payments go to the more com-
prehensive sets of practices. The program contracts are for 5 to 10 years.

The Conservation Reserve Enhancement Program (CREP) isa 1996 initiative
continued in the 2002 Farm Bill. CREP isajoint, state-federal program designed
to meet specific conservation objectives. CREP targets state and federal fundsto
achieve shared environmental goals of national and state significance. The
program uses financial incentives to encourage farmers and ranchers to voluntar-
ily protect soil, water, and wildlife resources.

Wetlands Reserve Program (WRP) — The WRPisavoluntary program to
restore and protect wetlands and associated lands. Participants may sell a
permanent or 30-year conservation easement or enter into a 10-year cost-share
agreement with USDA to restore and protect wetlands. The landowner voluntarily
limits future use of the land, yet retains private ownership. The NRCS provides
technical assistance in developing a plan for restoration and maintenance of the
land. The landowner retains the right to control accessto the land and may |lease
the land for hunting, fishing, and other undevel oped recreational activities. The
acreage is expanded by 1.2 million acresto 2.275 million acresin 2002.

Wildlife Habitat I ncentives Program (WHIP) — This program is designed for
people who want to develop and improve wildlife habitat on private lands. Plans
are developed in consultation with the NRCS and local Conservation District.
USDA will provide technical assistance and cost-share up to 75% of the cost of
installing the wildlife practices. Participants may get bonus payments for agree-
mentsover 15 years.

Forest Land Enhancement Program (FL EP) — Authorized in the 2002 Farm
Bill, the FLEP creates a new title for Forestry. It replaces and expands the
Stewardship Incentive program and Forestry program. The new Forest Land
Enhancement program will provide up to $100 million over six yearsto private,
non-industrial Forest owners. The new title also provides $210 million to help
fight fire on private land and address prevention.

Grazing Reserve Program (GRP) — This 2002 provision will use 30 year
easements and rental agreements to improve management of up to 2 million
acres of private grazing land. 500,000 acres are to be reserved for protected
tracts of 40 acres or |ess as native grasslands. Restoration costs may go as high
as 75%.

Funding Sources

For information on sources of funding to address nonpoint source pollution, see
EPA’s Nonpoint Source website at www.epa.gov/owow/nps/funding.html.
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Overview

Agricultural Nonpoint Source Pollution

State water quality assessments continue to show that nonpoint source pollution
isthe leading cause of impairments in surface waters of the U.S. According to
these assessments, agriculture is the most wide-spread source of pollution for
assessed rivers and lakes. Agriculture impacts 18% of assessed river milesand 14%
of assessed lake acres. The state reports also indicate that agriculture impacts
48% of impaired river miles and 41% of impaired lake acres (EPA, 2002).

The primary agricultural NPS pollutants are nutrients, sediment, animal wastes,
salts, and pesticides. Agricultural activities also have the potential to directly
impact the habitat of aquatic species through physical disturbances caused by
livestock or equipment. Although agricultural NPS pollution is a serious prob-
lem nationally, agreat deal has been accomplished over the past several decades
in terms of sediment and nutrient reduction from privately-owned agricultural
lands. Much has been learned in the recent past about more effective waysto
prevent and reduce NPS pollution from agricultural activities.

The purpose of this chapter is to describe the general causes of agricultural NPS
pollution, the specific pollutants and problems of concern, and the general
approaches that have been found most effective in reducing the impact of such
pollutants and problems on aguatic resources.

Nutrients

Nitrogen (N) and phosphorus (P) are the two major nutrients from agricultural
land that degrade water quality. Nutrients are applied to agricultural land in
several different forms and come from various sources, including:
O Commercial fertilizer in adry or fluid form, containing nitrogen,
phosphorus, potassium (K), secondary nutrients, and micronutrients,

O Manurefrom animal production facilities including bedding and other

wastes added to the manure, containing N, P, K, secondary nutrients, Commercial
micronutrients, salts, some metals, and organics, fertilizers and

3 Municipal and industrial treatment plant sludge, containing N, P, K, manure are the
secondary nutrients, micronutrients, salts, metals, and organic solids; primary sources of

. _ _ . crop nutrients for

O Municipal and industrial treatment plant effluent, containing N, P, K, agriculture
secondary nutrients, micronutrients, salts, metals, and organics, i

O Legumesand crop residues containing N, P, K, secondary nutrients, and
micronutrients;

3 lrrigation water;

O Wildlife and

O Atmospheric deposition of nutrients such as nitrogen, phosphorus, and
sulphur.
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Overloading with
nitrogen and
phosphorus causes
eutrophication which
reduces the
suitability of
waterways for
beneficial uses.

In addition, decomposition of organic matter and crop residue may be a source
of mobile forms of nitrogen, phosphorus, and other essential crop nutrients.

Surface water runoff from agricultural lands may transport the following pollutants:

O Particulate-bound nutrients, chemicals, and metal's, such as phosphorus,
organic nitrogen, and metal's applied with some organic wastes;

O Soluble nutrients and chemicalss, such as nitrogen, phosphorus, metals,
and many other major and minor nutrients;

O Particulate organic solids, oxygen-demanding material, and bacteria,
viruses, and other microorganisms applied with some organic waste; and

0O Sdts

Ground water infiltration from agricultural lands to which nutrients have been
applied may transport the following pollutants:

O Soluble nutrients and chemicals, such as nitrogen, phosphorus, metals;
O Other major and minor nutrients,

O Sdts and

O Bacteriaand other pathogens applied with some organic waste.

All plants require nutrients for growth. Nitrogen and phosphorus generally are
present in aguatic environments at background or natural levels below 0.3 and
0.01 mg/L, respectively. When these nutrients are introduced into a stream, lake,
or estuary at higher rates, aquatic plant productivity may increase dramatically.
This process, referred to as cultural eutrophication, may adversely affect the
suitability of the water for other uses.

Excessive aguatic plant productivity resultsin the addition to the system of more
organic material, which eventually dies and decays. Bacteria decomposing this
organic matter produce unpleasant odors and depl ete the oxygen supply avail-
able to other agquatic organisms. Depleted oxygen levels, especialy in colder
bottom waters where dead organic matter tends to accumulate, can reduce the
quality of fish habitat and encourage the propagation of fish that are adapted to
less oxygen or to warmer surface waters. Anaerobic conditions can also cause
the release of additional nutrients from bottom sediments.

Highly enriched waters will stimulate algae production, consequently increasing
turbidity and color. In addition, certain algae can produce severe taste and odor
problemsthat impair the quality of drinking water sources (EPA, 1999a). For
example, the City of Tulsa, OK spends an additional $100,000 ayear to correct
taste and odor problems, resulting from extreme algae growth in the city’s drink-
ing water source (Lassek, 1997). Excess algae growth may also interfere with
recreational activities such as swimming and boating. Algae growth isalso believed
to be harmful to coral reefs (e.g., Florida coast). Furthermore, the increased
turbidity resultsin less sunlight penetration and availability to submerged
aguatic vegetation (SAV). Since SAV provides habitat for small or juvenilefish,
the loss of SAV has severe consequences for the food chain. Tampa Bay isan
examplein which nutrients are believed to have contributed to SAV loss.
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Nitrogen

All forms of transported nitrogen are potential contributors to eutrophicationin
lakes, estuaries, and some coastal waters. In general, though not in all cases,
nitrogen availability isthe limiting factor for plant growth in marine ecosystems.
Thus, the addition of nitrogen can have a significant effect on the natural func-
tioning of marine ecosystems.

Eutrophication in coastal waters has been linked to increased nutrient loads from
rivers, as evidenced by increasing incidence of noxious algal blooms and hy-
poxiain bottom waters (Justic et al., 1995.) The Gulf of Mexico has experienced
midsummer hypoxia (low dissolved oxygen) sincethe early 1970s. From 1993
through 1999, the extent of bottom-water hypoxia ranged from about 6,200 to 7,700
sguare miles (16,000 to 20,000 km?2), greater than twice the surface area of the
Chesapeake Bay (Rabalais et al., 1999). The hypoxiais thought to be due to
eutrophication resulting from high nutrient loading to the Gulf. Recent analysis has
shown that about 89 percent of the annual total nitrogen flux to the Gulf (1.57
million metric tons) was from nonpoint sources, and the remaining 11 percent was
from municipal and industrial point sources (Goolsby and Battaglin, 2000).

The toxic dinoflagellate Pfiesteria piscicida, implicated in causing about 50% of
the major fish killsin North Carolina’s estuaries and coastal waters from 1991 to
1993, has been linked to conditions of over-enrichment of nutrients such as
nitrogen and phosphorus (Burkholder, 1996). More research is heeded to deter-
mine the specific physical, chemical, and biological factors that promote out-
breaks of Pfiesteria piscicida. Pfiesteria-like species have also been tracked to
eutrophic sudden-death fish kill sites in estuaries, coastal waters, and aguacul-
ture facilities from the mid-Atlantic through the Gulf Coast (Burkholder et al.,
1995).

Excessive ammonia
In addition to eutrophication, excessive nitrogen causes other water quality can be toxic to fish.
problems. Dissolved ammoniaat concentrations above 0.2 mg/L may betoxic to
fish, especially trout. Also, nitratesin drinking water are potentially dangerous
to newborn infants. Nitrate is converted to nitrite in the digestive tract, which
reduces the oxygen-carrying capacity of the blood (methemoglobinemia),
resulting in brain damage or even death. The U.S. Environmental Protection
Agency has set alimit of 10 mg/L nitrate-nitrogen in water used for human
consumption (EPA, 1989a).

Nitrogen is naturally present in soils but must be added to meet crop production
needs. Nitrogen is added to the soil primarily by applying commercial fertilizers
and manure, but also by growing legumes (biological nitrogen fixation) and
incorporating crop residues. Not all nitrogen that is present in or on the soil is
available for plant use at any one time. Applied nitrogen may be stored in the
soil as organic material, soil organic matter (humus), or adsorbed to soil par-
ticles. For example, in the eastern Corn Belt, it isnormally assumed that about
50% of applied nitrogen is assimilated by crops during the year of application
(Nelson, 1985). Organic nitrogen normally constitutes the majority of the soil
nitrogen. It is slowly converted (2 to 3% per year) to the more readily plant-
available inorganic ammonium or nitrate. Nitrogen conversions are governed by
carbon to nitrogen rations of crop residue and environmental conditions (e.g.,
temperature, moisture).
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Nitrate-nitrogen can
readily leach below
the root zone into
shallow ground water
and can threaten
water supplies if it
exceeds water
quality standards.

The chemical form of nitrogen affectsitsimpact on water quality. The most
biologically important inorganic forms of nitrogen are ammonium (NH4-N),
nitrate (NO3-N), and nitrite (NO2-N). Organic nitrogen occurs as particulate
matter, in living organisms, and as detritus. It occursin dissolved formin
compounds such as amino acids, amines, purines, and urea.

Nitrate-nitrogen is highly mobile and can move readily below the crop root zone,
especially in sandy soils. It can also be transported in surface runoff. Ammo-
nium, on the other hand, becomes adsorbed to the soil and islost primarily with
eroding sediment. Even if nitrogen isnot in areadily available form asit leaves
thefield, it can be converted to an available form either during transport or after
delivery to water bodies.

Data collected in the U.S. Geological Survey NAWQA program sites showed
that nitrate concentrationsin ground water were highest in samplesfrom wellsin
agricultural areas, with concentrations exceeding the drinking water standard of
10 mg/L in about 12% of domestic wells (Mueller and Helsel, 1996). Over the
period 1986 — 1992, annual flow-weighted mean nitrate concentrationsin ground
water in the highly agricultural Big Spring basin of lowaranged from 5.7 mg/L
in the very dry water year 1989 to 12.5 mg/L in the very wet water year 1991
(Rowden et al.,1995).

Acrossthe U.S,, nitrate levelsin ground water are associated with source
availability (i.e., population density, nitrogen inputsin fertilizer, manure, and
atmospheric sources) and regional environmental factors (i.e., soil drainage
characteristics, precipitation, cropland acres) (Spalding and Exner, 1993; Nolan
et al., 1997). In lowa s Big Spring basin, for example, the proportion of land in
corn directly affected nitrogen concentrations and loads to surface and ground
water because the greatest nitrogen inputs were fertilizers applied to corn
(Rowden et al.,1995). In general, areas with high nitrogen input, well-drained
soils, and high cropland areas have the highest potential for ground water
contamination by nitrate (Nolan et al., 1997). Large areas of ground water where
nitrate concentrations exceed the 10 mg/L limit occur in regions of irrigated
cropland on well-drained soils; most of these areas are west of the Mississippi
River whereirrigation is necessary (Spalding and Exner, 1993). In the eastern
U.S,, localized nitrate-nitrogen contamination occurs beneath cropped, well-
drained soils that receive excessive applications of fertilizer and manure, notably
in the middle Atlantic states and the Delmarva Peninsula.

Soil drainage has reduced ground water nitrate problemsin the Corn Belt states,
because extensive tiling and ditching intercept soil water and carry it to surface
water. High nitrogen inputsin such areas are more likely to affect surface water
than ground water (Nolan et al., 1997). Studiesin Walnut Creek, lowa, showed
that nitrate levelsin the stream ranged from 10 to 20 mg/L (Hatfield et al.,
1995). Walnut Creek, like many Midwestern streams, is fed by subsurface
drainage, and high nitrate levels originated from the bottom of the root zone (1 —
1.2 m) in corn-soybean cropland in the watershed.

Phosphorus

Phosphorus can also contribute to the eutrophication of both freshwater and
estuarine systems. Studies on the Cannonsville Reservoir, New York, showed
that eutrophication was accelerated by phosphorus loading (Brown et al., 1986).
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The low dissolved oxygen levels associated with eutrophication impacted fish
populations, and use of the lake for recreational fishing was much less than at
nearby Pepacton Reservoir. Moreover, the accel erated phosphorus loadings also
contributed to the impairment of the drinking water supply for New York City
because both reservoirs serve as major drinking water sources for the New York
City water supply system. Also, nutrients are the major cause of use impairment
in Lake Champlain, Vermont, with phosphorus the main culprit (Vermont
Agency of Natural Resources, 1996). It is estimated that 55 — 66% of the NPS
phosphorusload to Lake Champlain is derived from agricultural activities
(Mealsand Budd, 1998; Hegman et al., 1999).

While phosphorustypically playsthe controlling rolein freshwater systems, in
some estuarine systems both nitrogen and phosphorus can limit plant growth.
Algae consume dissolved inorganic phosphorus and convert it to the organic
form. Phosphorusisrarely found in concentrations high enough to be toxic to
higher-level organisms.

Phosphorus can be found in the soil in dissolved, colloidal, or particulate forms.
Although the phosphorus content of most soilsin their natural condition islow

(between 0.01 and 0.2% by weight), soil test dataindicate that decades of P Most often,
application to agricultural land in excess of crop removal have resulted in phosphorus is
widespread increasesin soil Plevelsinthe U.S. and elsewhere (Sims, 1993; sediment-attached.
Sharpley et a., 1993; Simset al., 2000). Long-term trends in soil test values Phosphorus may
show that soil Pin many areas of the world is excessive, relative to crop require- also be dissolved.
ments; the greatest concern occurs with animal-based agriculture, where farm Either form can
and watershed-scale P surpluses and over-application of Pto soils are common contribute to
(Simset al., 2000). Manures are normally applied at rates needed to meet crop eutrophication.

nitrogen needs, yet the ratio of nitrogen to phosphorus in most manures results
in over-application of phosphorus (Sharpley et a., 1996).

The main forces controlling P movement from land to water are transport
(runoff, infiltration, and erosion) and source factors (surface soil P and manage-
ment of fertilizer/manure applications) (Sharpley et al., 1993; Daniel et al.,
1998). Erosion processes control particulate P movement, while runoff processes
drive dissolved P movement. Particulate P movement is a complex function of
rainfall, irrigation, runoff, and soil management factors affecting erosion.
Movement of dissolved P isafunction of sorption/desorption, dissolution, and
extraction of Pfrom soil and plant material by water. Whereas surface runoff is
typically the dominant pathway of P loss from agricultural land, thereisincreas-
ing evidence that leaching of P from some soil types, especially on tile-drained
fields, can present athreat to water quality (Beauchemin et al. 1998; Schoumans
and Groenendijk, 2000; Simard et a., 2000).

Farm practices, such as manure or fertilizer applications and tillage, largely
determine the quantity of P available in the soil to be moved by transport factors.
Accumulation of P near the soil surface (0 — 2 inches) has been widely observed
to influence the concentration and loss of Pin runoff. Significant linear relation-
ships have been demonstrated on a variety of soils and cropping systems be-
tween the amount of soil test P in surface soil and dissolved P concentrationsin
surface runoff (Sharpley et al., 1993; Sharpley, 1995b; Pote et al., 1996; Pote et
al., 1999; Simset al., 2000; Sharpley et a., 2000; Sims, 2000). Soil P saturation
status, rather than simply soil test P value, is thought to be a better predictor of
runoff Ploss, especially as the theoretical basis to establish environmental soil
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test P limits, because it integrates the effect of soil type (Sharpley, 1995b; Sims
etal., 2000).

While thereislittle doubt that increased P concentrations at the soil surface
contribute to higher P concentrations in runoff, the value of using soil test P as
the sole predictor of transportable P is questionable (Coale, 2000). Consideration
of hydrology iscritical to understanding P export from awatershed. (Daniel et
al., 1998). Chemical soil tests quantify concentration of soluble, biologically
available, and potentially desorbable P in soils, but they provide no information
on transport processes and management practices that influence movement of P
from soil to water. They also do not characterize direct release of P from fertiliz-
ers, animal manure, and biosolids applied to soils (Simset al., 2000).

Although soil P content is clearly important in determining the concentration of
Pin agricultural runoff, surface runoff and erosion potential, as well as misman-
agement of fresh Pinputswill often override soil P levelsin determining P
export. Use of asingle threshold value for soil test Pistoo limited in its predic-
tion of surface runoff Pto be the only criterion to guide P management
(Sharpley, 2000). Data from soil Ptesting must be integrated with understanding
of transport processes and information on P management to predict P loss to
weater.

Lemunyon and Gilbert (1993) described an index for identifying soils, land-
forms, and management practices that could cause phosphorus problemsin water
bodies. Theindex uses soil erosion rates, runoff, soil test values of available
phosphorus, and fertilizer and organic phosphorus application rates to assess the
potential for phosphorus movement from the site. Sharpley (1995a) applied the
Lemunyon and Gilbert phosphorus index to 30 watersheds in the Southern
Plains, and concluded that the index is a valuable tool for identifying sources
where phosphorus management is most needed. Several recommendations were
made for improving the accuracy and utility of the index.

Ghurek et al. (2000a and 2000b) have stressed that management of watershed
phosphorus export should focus not just on areas of high soil P or P saturation
but on critical source areas (CSA) that represent the intersection of surface
runoff source areas (i.e., areas of actual or potential transport mechanisms) with
areas of high soil P and high fertilizer/manure application. It is suggested that
management of phosphorus loss from agricultural watersheds must focus on
identifying, targeting, and remediating these spatially variable aresas.

Runoff and erosion can carry some phosphorus to nearby water bodies. Dis-
solved inorganic phosphorus (orthophosphate phosphorus) is probably the only
form directly available to algae, but eutrophication can be stimulated by the
bioavailable phosphorus derived from the upper 5 cm of agricultural soils
(Sharpley, 1985). Bioavailable phosphorus consists of dissolved phosphorus and
aportion of particulate phosphorus that varies from site to site. Sharpley (1993)
developed a method using iron-oxide impregnated paper to estimate the amount
of phosphorusin soil that is available for algal growth. This method covers both
dissolved and adsorbed phosphorus. Particulate and organic phosphorus deliv-
ered to water bodies may later be released as dissolved phosphorus and made
available to algae when the bottom sediment of a stream becomes anaerobic,
causing water quality problems.
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Sediment

Sediment isthe result of erosion. It isthe solid material, both mineral and
organic, that isin suspension, is being transported, or has been moved from its
site of origin by wind, water, gravity, or ice. The types of erosion associated with
agriculture that produce sediment are (1) sheet and rill erasion, (2) ephemeral
and classic gully erosion, (3) wind erosion, and (4) streambank erosion. Soil
erosion can be characterized as the transport of particles that are detached by
rainfall, flowing water, or wind. Eroded soil is either redeposited on the same
field or transported from the field in runoff or by wind.

Soil loss reduces nutrients and deteriorates soil structure, causing adecrease in
the productive capacity of the land from which it is eroded. Wind erosion may
cause abrasion of crops and structures by flying soil particles, air pollution by
particlesin suspension, transport of sediment-attached nutrients and pesticides,
and burial of structures and crops by drifting soil.

Sediment threatens
water supplies and
recreation, and
causes harm to plant
and fish

Sediment affects the use of water in many ways. Suspended solids reduce the communities.
amount of sunlight available to aquatic plants, cover fish spawning areas and

food supplies, smother coral reefs, clog the filtering capacity of filter feeders,

and clog and harm the gills of fish. Turbidity interferes with the feeding habits

of certain species of fish. These effects combine to reduce fish, shellfish, coral,

and plant populations and decrease the overall productivity of lakes, streams,

estuaries, and coastal waters. Recreation is limited because of the decreased fish

population and the water’s unappealing, turbid appearance. Turbidity also

reduces visibility, making swimming less safe.

Deposited sediment reduces the transport capacity of roadside ditches, streams,
rivers, and navigation channels. Decreases in capacity can result in more fre-
guent flooding. Sediment can also reduce the storage capabilities of reservoirs
and lakes and necessitate more frequent dredging.

The use of Highland Silver Lake, Illinois, as apublic water supply wasimpaired
by high turbidity levels and sedimentation (EPA, 1990b). Similarly, sediment
surveys revealed that Lake Pittsfield, also in lllinois, was losing storage capacity
at arate of 1.08%, which would cause the lake to fill in with sediment in 92
yearsif no efforts had been made to control erosion (Davenport and Clarke,
1984). Due to erosion control efforts the rate of storage capacity 10ss has been
reduced from 15% over 13 yearsto 10% over the subsequent 18 years (EPA,
1996). In addition, awater supply intake on Long Creek, North Carolina, was
clogged due to erosion from surrounding lands, necessitating annual dredging of
the water supply intake pool (EPA, 1996).

At current rates of sedimentation, Morro Bay, California, could be lost as an
open water estuary within 300 years unless erosion control efforts are stepped up
(EPA, 1996). Sedimentation has been associated with the lack of ocean-run trout
in tributary streams, as well as significant economic losses to the oyster industry
in the bay. Also, atrout fishery in Long Pine Creek, Nebraska, wasimpaired by
high sediment loadings from streambank erosion and irrigation discharge
(Hermsmeyer, 1991). Irrigation return flows with high sediment loads and
streambank erosion caused negative impacts to salmonid spawning and recre-
ational uses of Rock Creek, Idaho (Yankey et al., 1991).
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Sediment from
topsaoil, often
containing higher
levels of nutrients
and pesticides, can
be a greater threat to
water quality
compared to subsoil
sediment.

Runoff containing

Chemicals such as some pesticides, phosphorus, and ammonium are transported
with sediment in an adsorbed state. Changes in the aquatic environment, such as
decreased oxygen concentrationsin the overlying waters or the devel opment of
anaerobic conditions in the bottom sediments, can cause these chemicalsto be
rel eased from the sediment. Adsorbed phosphorus transported by the sediment
may not be immediately available for aquatic plant growth but does serveasa
long-term contributor to eutrophication.

Sediments from different sources vary in the kinds and amounts of pollutants
that are adsorbed to the particles. For example, sheet, rill, ephemeral gully, and
wind erosion mainly move soil particles from the surface or plow layer of the
soil. Sediment that originates from surface soil has a higher pollution potential
than that from subsurface soils. The topsoil of afield isusualy richer in nutri-
ents and other chemical's because of past fertilizer and pesticide applications, as
well as nutrient cycling and biological activity. Topsoil isaso morelikely to
have a greater percentage of organic matter. Sediment from gullies and
streambanks usually carries less adsorbed pollutants than sediment from surface
soils.

Soil eroded and delivered from cropland as sediment usually contains a higher
percentage of finer and less dense particles than the parent soil on the cropland.
This change in composition of eroded soil is due to the selective nature of the
erosion process. For example, larger particles are more readily detached from
the soil surface because they are less cohesive, but they also settle out of suspen-
sion more quickly because of their size. Organic matter is not easily detached
because of its cohesive properties, but once detached it is easily transported
because of itslow density. Clay particles and organic residues will remain
suspended for longer periods and at slower flow velocities than will larger or
more dense particles. This selective erosion can increase overall pollutant
delivery per ton of sediment delivered because small particles have amuch
greater adsorption capacity than larger particles. Asaresult, eroding sediments
generally contain higher concentrations of phosphorus, nitrogen, and pesticides
than the parent soil (i.e., they are enriched).

Animal Wastes

Animal waste (manure) includes the fecal and urinary wastes of livestock and
poultry; process water (such asfrom amilking parlor); and the feed, bedding,
litter, and soil with which they become intermixed. The following pollutants
may be contained in manure and associated bedding materials and could be
transported by runoff water and process wastewater from confined animal
facilities:
O Oxygen-demanding substances;
Nitrogen, phosphorus, and many other major and minor nutrients,

O Organicsolids;
animal waste that Organic solids;
reaches surface O Sdts,
water can result in O Bacteria, viruses, and other microorganisms;
oxygen depletion _
and fish kills. O Metals; and
O Sediments.
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When such runoff, process wastewater or manure enters surface waters, excess
nutrients and organic materials are added. Increased nutrient levels can cause
excessive growth of aquatic plants and algae. The decomposition of aguatic
plants depletes the oxygen supply in the water, creating anoxic or anaerobic
conditions which can lead to fish kills. Amines and sulfides are produced in
anaerobic waters, causing the water to acquire an unpleasant odor, taste, and
appearance. Methane, a greenhouse gas, can also be produced in anaerobic
waters. Such waters can be unsuitable for drinking, fishing, and other recre-
ational uses. Investigationsin Illinois have demonstrated the impacts of animal
waste on water quality, including fish kills associated with a hog facility, a cattle
feeding operation, and surface application of liquid waste on frozen or snow-
covered ground (Ackerman and Taylor, 1995). In addition, North Carolina
experienced six spills from animal waste lagoons in the summer of 1995,
totaling ailmost 30 million gallons. Thistotal included a spill of 22 million
gallons of swine waste into the New River, which killed fish along a 19-mile
downstream area (EPA Office of Inspector General, 1997).

A study of Herrings Marsh Run in the coastal plain of North Carolina showed
that nitrate levelsin stream and ground water were highest in areas with the
greatest concentration of swine and poultry production (Hunt et al., 1995).
Orthophosphate levels were affected only slightly by animal waste applications
since most of the phosphorus was bound by the soil. In addition, runoff from
feedlots has long been associated with severe stream pollution. Feedlots, which
are devoid of vegetation and subjected to severe hoof action, generate runoff
containing large amounts of bacteria, which may cause violations of water
quality standards (Baxter-Potter and Gilliland, 1988).

Diseases can be transmitted to humans through contact with animal or human
feces. Runoff from fields receiving manure will contain extremely high numbers
of microorganisms if the manure has not been incorporated or the microorgan-
isms have not been subject to stress. Shellfishing and beach closures can result
from high fecal coliform counts. Although not the only source of pathogens,
animal waste has been responsible for shellfish contamination in some coastal
waters.

The pathogen Cryptosporidium, a protozoan parasite, iscommon in surface
waters, especially those containing high amounts of sewage contamination or
animal waste. Without advanced filtration technology, Cryptosporidium may
pass through water treatment filtration and disinfection processes in sufficient
numbersto cause health problems, such as the gastrointestinal disease
cryptosporidiosis. The most serious consequences of cryptosporidiosistend to be
focused on people with severely weakened immune systems. In 1993, Milwau-
kee, Wisconsin, which draws its water from Lake Michigan, experienced an
outbreak of cryptosporidiosis, affecting 400,000 people, with more than 4,000
hospitalized and over 50 deaths attributed to the disease (EPA, 1997¢). While the
source of contamination is uncertain, the problem was linked to suboptimal
performance of the water treatment plant, together with unusually heavy rainfall
and runoff. The watersheds of two rivers which discharge into Lake Michigan
contain slaughterhouses, human sewage discharges, and cattle grazing ranges
(Lisleand Rose, 1995).

Giardiais another commonly identified pathogen in surface waters. Giardiais
theintestinal parasite that causes the disease giardiasis. Giardiasisis sometimes
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referred to as “ backpacker’s disease” since the disease frequently occursin
hikers and nature lovers who unwittingly drink water from contaminated springs
or streams. However, several community-wide outbreaks of giardiasis have been
linked to contaminated municipal drinking water (CDC, n.d.). The commonly
associated symptoms of giardiasis are persistent diarrhea, weight loss, abdomi-
nal cramps, nausea, and dehydration. With proper treatment and a healthy
immune system, giardiasisis not deadly, but it can belife threatening to AIDS
patients, small children, the elderly, or someone recovering from major surgery.
The best strategy to protect a drinking water supply from Giardia contamination
isthe physical removal of the organism. This can be accomplished by control-
ling land use within a watershed to prevent degradation of the source water and
by utilizing a properly designed and operated water filtration plant.

Virusesin animal waste also pose a potential health threat to humans. Enteric
viruses are the most significant virus group affecting water quality and human
health (EPA, 2001). There are over 100 different types of enteric viruses, all
considered pathogenic to man (EPA, 1984). When ingested, enteric viruses may
attack the gastrointestinal track or the respiratory system, sometimes, fatally.
Moretypically, infection causes sore throat, diarrhea, fever and nausea. Enteric
viruses may be found in livestock excrement from barnyards, pastures, range-
lands, feedlots, and uncontrolled manure storage areas; and areas of land appli-
cation of manure and sewage sludge (NCSU, 2001). When animal wasteis
applied to agricultural land for irrigation or fertilization purposes, enteric viruses
can survive in soil for periods of weeks or even months (EPA, 1984). Enteric
virusesin land applied manure or sewage sludge can leach into ground water
and/or eventually be transported by overland flow into surface water bodies,
thus creating a potential for the contamination of water resources. Management
measures should be instituted in all situations in which sludge is used for
irrigation or fertilization, to prevent the contamination of vegetables and drink-
ing water sources by enteric viruses (EPA, 1984).

Since pathogenic organisms present in polluted waters are generaly difficult to
identify and isolate, scientists typically choose to monitor indicator organisms.
Indicator organisms are usually nonpathogenic bacteria assumed to be associated
with pathogens transmitted by fecal contamination but are more easily sampled
and measured. Fecal indicators are used to develop water quality criteriato
support designated uses, such as primary contact recreation and drinking water
supply. For example, studies conducted by USEPA have demonstrated that the
risk to swimmers of contracting gastrointestinal illness seemsto be predicted
better by enterococci than by fecal coliform bacteria since the die off rate of

fecal coliform bacteriais much greater than the enterococci die off rate (EPA,
2001). Moreover, acomparison of various fecal indicators of potential pathogens
with disease incidence revealed that elevated levels of enterococci bacteria were
most strongly correlated with gastroenteritis in both fresh and marine recre-
ational waters (EPA, 1986). The USEPA believes that enterococci is best suited
as anindicator organism for predicting the presence of gastrointestinal illness-
causing pathogensin fresh water and marine waters and recommends that people
do not swim in fresh waters that contain 33 or more enterococci per 100 millili-
ters (mL) or marine waters with 35 or more enterococci per 100 mL (EPA,
2000b).
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Animal wastes contain large numbers of bacteria and other microorganisms.
Although many of these organisms tend to die rapidly outside the animal, some
can survive under favorable conditions. Microorganisms can survive for ex-
tended periodsin fecal deposits on pasture, in soils, and in aguatic sediments
(Thelin and Gifford, 1983; Kress and Gifford, 1984; Sherer et al., 1992). Condi-
tions that promote die-off of microorganisms after land application include low
soil moisture, low pH, high temperatures, direct solar radiation, and predation by
protozoa. Manure storage generally promotes die-off, although pathogens can
remain dormant at certain temperatures. Composting the wastes can be quite
effective in decreasing the number of pathogens.

Inareview of literature regarding the impacts of long-term animal waste appli-
cations on soil characteristics, it was concluded that positive impacts include
buildup of soil organic matter, increased soil fertility, and improvement of soil
physical properties (Wood and Hattey, 1995). Negative impactsinclude nitrate
pollution of ground water, phosphorus contamination of surface water, and
potential toxicity to crops from elevated concentrations of metals or other trace
elements. For example, copper and zinc concentrations can build up where
poultry litter and hog manure are applied.

The method, timing, and rate of manure application are significant factorsin
determining the likelihood that water quality contamination will result. Manure
isgenerally more likely to be transported in runoff when applied to the soil
surface than when incorporated into the soil. Spreading manure on frozen
ground or snow can result in high concentrations of nutrients being transported
from the field during rainfall or snowmelt, especially when the snowmelt or
rainfall events occur soon after spreading (Robillard and Walter, 1986). Binding
of phophorus with soil particles also increases as soil temperature increases.
Winter spreading of manure onto corn fieldsin Vermont increased phosphorus
export by up to 1500%, with up to 15% of the applied phosphorus lost in runoff
(Meals, 1996). Soil type, crops, anticipated yields, and crop nutrient uptake are
other factors that should be considered when determining the likelihood of
manure contaminated runoff.

When application rates of manure for crop production are based on N, the P and
K rates applied normally exceed plant requirements (Westerman et al., 1985).
The soil generally has the capacity to adsorb much of the phosphorus from
manure applied on land, but this capacity is not unlimited. As previously men-
tioned, however, nitrates are easily leached through soil into ground water or to
return flows, and phosphorus can be transported by eroded soil.

Salts

Salts are a product of the natural weathering process of soil and geologic mate-
rial. They are present in varying degreesin all soils and in fresh water, coastal
waters, estuarine waters, and ground waters. Accumulation of
excess sodium
reduces agricultural
production, and
runoff of saline water
harms aquatic
ecosystems.

In soilsthat have poor subsurface drainage, high salt concentrations are created
within the root zone where most water extraction occurs. The accumulation of
soluble and exchangeabl e sodium leads to soil dispersion, structure breakdown,
decreased infiltration, and possible toxicity; thus, salts often become a serious
problem on irrigated land, both for continued agricultural production and for
water quality considerations. High salt concentrationsin streams can harm
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freshwater aquatic plants just as excess soil salinity damages agricultural crops.
While salts are generally a more significant pollutant for freshwater ecosystems
than for saline ecosystems, they may also adversely affect anadromousfish.
Although they live in coastal and estuarine waters most of their lives, anadro-
mous fish depend on freshwater systems near the coast for crucial portions of
their lifecycles.

The movement and deposition of salts depend on the amount and distribution of
rainfall and irrigation, the soil and underlying strata, evapotranspiration rates,
and other environmental factors. In humid areas, dissolved mineral salts have
been naturally leached from the soil and substrata by rainfall. In arid and semi-
arid regions, salts have not been removed by natural leaching and are concen-
trated in the soil. Soluble saltsin saline and sodic soils consist of calcium,
magnesium, sodium, potassium, carbonate, bicarbonate, sulfate, and chloride
ions. They arefairly easily leached from the soil. Sparingly soluble gypsum and
lime al'so occur in amounts ranging from traces to more than 50% of the soil
mass.

Irrigation water, whether from ground or surface water sources, has a natural
base load of dissolved mineral salts. Asthe water is consumed by plants or lost
to the atmosphere by evaporation, the salts remain and become concentrated in
the soil. Thisisreferred to as the “concentrating effect.”

Thetotal salt load carried by irrigation return flow is the sum of the salt remain-
ing in the applied water plus any salt picked up from theirrigated land. Irrigation
return flows provide the means for conveying the salts to the receiving streams
or ground water reservoirs. If the amount of salt in the return flow islow in
comparison to the total stream flow, water quality may not be degraded to the
extent that use isimpaired. However, if the process of water diversion for
irrigation and the return of saline drainage water is repeated many times along a
stream or river, water quality will be progressively degraded for downstream
irrigation use aswell asfor other uses.

Another related issue is selenium toxicity. Selenium is anatural element in soil,
found in avariety of geologic formations, including Cretaceous sedimentsin the
western U.S. Selenium is essential to human and animal health in very small
amounts, but is toxic to some organisms when ingested in excessive quantities
(Letey et a., 1986). The major threat posed by selenium isthe leaching of its
soluble, oxidized form (selenate) from seleniferous soils and movement of
leachate to shallow ground water and ultimately surface waters. It isin the
aguatic environment where selenium enters the food chain through plants, which
then become the food base for higher organisms such as insects, fish or birds.
Accumulation and concentration of selenium as it moves up the food chain can
becometoxic (Letey et al., 1986).

Inthewestern U.S,, irrigation of soilsfrom seleniferous parent materials can
accelerate the natural leaching process. In the early 1980's, irrigation drainage
water laden with high concentrations of selenium caused congenital deformities
and mortality of waterfowl at Kesterson Reservoir, aNational Wildlife Refugein
central California(Long et al., 1990). Concern over thisincident prompted the
U.S. Department of Interior to establish the National Irrigation Water Quality
Program in 1985, to evaluate the potential for toxic effects of selenium in other
irrigated areas of the west (Nolan and Clark, 1997).
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Pesticides

The term pesticide includes any substance or mixture of substances intended for
preventing, destroying, repelling, or mitigating any pest or intended for use asa
plant regulator, defoliant, or desiccant. The principal pesticidal pollutants that
may be detected in surface water and in ground water are the active and inert
ingredients and any persistent degradation products. Pesticides and their degra-
dation products may enter ground and surface water in solution, in emulsion, or
bound to soil colloids. A study of 303 wells from across the Midwest showed
that pesticide metabolites were found more frequently than the parent com-
pounds (Kolpin et al., 1996). For example, the metabolite alachlor
ethanesulfonic acid was detected nearly 10 times more frequently than alachlor
in the 153 wells where both chemicals were analyzed. For simplicity, the term
pesticides will be used to represent “ pesticides and their degradation products’
in thefollowing sections.

Despite the documented benefits of using pesticides (insecticides, herbicides,
fungicides, miticides, nematicides, etc.) to control plant pests and enhance
production, these chemicals may, in someinstances, cause impairments to the
uses of surface water and ground water. Some types of pesticides are resistant to
degradation and may persist and accumulate in aquatic ecosystems.

Many studies have evaluated pesticidesin runoff and in streams, generdly finding
that the concentration can be relatively high near the application site soon after
application with significant reductions further downstream and with time.
Seasonal pulses of some of the most widely used pesticides can exceed lifetime
maximum contaminant levels (MCL) established by the U.S. EPA, however the
annual means on which those regulations are based are rarely exceeded (Larson
etal., 1997).

Monitoring of seven Lake Erie tributaries from 1983 to 1993 detected maximum
atrazine concentrations of 6.80 to 68.40 ug/L, and maximum concentrations of
alachlor, metolachlor, metribuzin, cyanazine, and linuron ranging of 1.16 to
64.94, 5.3910 96.92, 1.49 to 25.15, 1.36 to 24.77, and 1.92 to 15.5 ug/L, respec-
tively (Baker, 1993). The long-term time-weighted mean concentrationsin these
cases, however, were all below EPA’s maximum contaminant levels and lifetime
health advisory levelsfor drinking water. In arelated study, it was determined
that alachlor and atrazine were the most frequently detected pesticides in drink-
ing water suppliesin Ohio (Baker and Richards, 1991). Although chronic health
standards were not exceeded, public water supplies derived from rivers or
reservoirs draining agricultural watersheds were more likely to have detectable
residues of pesticides than other water supplies.

Pesticides have awide range for potential harm to the environment due to the
large variationsin both chemical makeup and application schedule. Generally
speaking, pesticides with higher levels of toxicity and persistence are more
likely to create problems. Toxicity can be defined in terms of short-term (acute)
and longer-term (chronic) effects. Acute effects usually occur soon after spray-
ing, asin the case of afish kill from drift or runoff. Chronic effects can occur
when a pesticide is present in an environment over months or years at concentra-
tions high enough to trigger a response by one or more organisms. Some of the
pesticides banned years ago, such as DDT, had these effects on many birds and
other organisms. Most pesticides currently in use have few reported chronic
effects at levels commonly found in the environment.
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Persistence is a measure of how long the chemical remainsin the environment,
which can be from days to years. A more persistent pesticide could present more
of arisk for environmental contamination. The use of highly persistent pesti-
cidesisgenerally limited to situations where repeated applications would be
undesirable, such asin termite control around buildings or vegetation control
along right-of-ways.

The threat to water quality is often dependent upon the combination of applica-
tion location and method. The highest risk occurs when aerial insecticide
spraying islocated near open water. This poses such a high risk because the
chance for drift is greatest in aerial spraying compared to other application
methods and insecticides are more likely to affect aquatic organisms than other
types of pesticides. However, pesticide residuesin runoff and ground water also
pose arisk to water quality. Herbicides, compared to other pesticides, are more
likely to travel by means of surface runoff or ground water asthey are more
widely used and are persistent enough to be detected many weeks after applica-
tion. Concentrations of pesticides in ground water are generally low because soil
retains most of theinfiltrated pesticide residue. In areas where pesticides are
widely applied, surface water has an annual cycle of higher residues during the
growing season and much lower residues during the rest of the year.

The primary routes of pesticide transport to aquatic systems are through (Maas,
1984):
O Direct application;
Runoff;
Aeria drift;
Leaching;

aaaa

Volatilization and subsequent atmospheric deposition; and
O Uptake by biota and subsequent movement in the food web.

The amount of field-applied pesticide that leaves afield in the runoff (either
dissolved or adsorbed) and enters a stream primarily depends on:
O Theintensity and duration of rainfall or irrigation;

O Thelength of time between pesticide application and rainfall occur-
rence;

The amount of pesticide applied and its soil/water partition coefficient;
The length and degree of slope and soil composition;

The extent of exposure to bare (vs. residue or crop-covered) soil;
Proximity to streams,

Soil loss/erosion rate;

Soil organic carbon content;

The method of application; and

aagagagaaaaq

The extent to which runoff and erosion are controlled with agronomic
and structural practices.
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Pesticide losses are generally greatest when rainfall isintense and occurs shortly
after pesticide application, a condition for which water runoff and erosion losses
arealso greatest.

A study of herbicides and nutrients in storm runoff from nine stream basinsin
the Midwestern states from 1990-1992 showed sharp increasesin triazine
herbicides (e.g., atrazine) in the post-planting period (Scribner et al., 1994).
Atrazinelevelsincreased from 1.0 ug/L to peaks of 10-75 ug/L. EPA’s maximum
contaminant level (MCL) for atrazinein public water suppliesis 3.0 ug/L. Inthis
and many other studies, EPA MCLs are utilized as reference points for assessing
water quality. It should be noted that an exceedance of the MCL in these surface
or ground water quality monitoring studies does not necessarily indicate viola-
tion of awater quality standard.

In the Scribner et. al study (1994), it was concluded that transport of herbicides
to streams was seasonal, with peaks from early May to early July. In arelated
study of 76 Midwestern reservoirs from April 1992 through September 1993,
atrazine was the most frequently detected and persistent herbicide, followed by
alachlor ethane sulfonic acid, deethylatrazine, deisopropylatrazine, metolachlor,
cyanazine amide, and cyanazine (Scribner et al., 1996). Eight reservoirs had
concentrations of one or more herbicides exceeding EPA’s maximum contami-
nant levels or health advisory levelsfor drinking water during late April through
mid-May, 1992, while 16 reservoirs had these high contaminant levelsin late
June through July, 1992. The annual average concentrations on which the MCLs
are based are usually not exceeded, however, because residues drop to low or
undetectable levels at other times of the year.

Research at the 5,600-haWal nut Creek watershed in lowa also showed that
atrazine levelsin runoff increased to above the MCL with heavy rains after
chemical application. Thetotal loss of atrazine and metolachlor in stream flow
was about 1% of the amount applied each year. Herbicide concentrationsin tile
drains were often near the detection limit of 0.2 ug/L, while only atrazine and
metolachlor exceeded 3.0 ug/L once in more than 1,700 ground water samples.
Water balance studies indicated that the predominant flow path in the prairie-
pothole watershed is from the bottom of the root zone into the stream through
tiledrains (Hatfield et al., 1995).

Concentrations of atrazine, alachlor, cyanazine, and metolachlor in Midwestern
streams and reservoirsincreased suddenly during rainstorms following herbicide
applications (Goolsby et al., 1995). Atrazine levelslessthan 0.2 ug/L also persist
year-round in Midwestern streams, partly due to the discharge of contaminated
waters from surface and ground water reservoirs.

Elevated monthly average pesticide concentrationsin Lake Erietributaries
usually occur in May to August, and smaller tributaries had higher maximum
concentrations, more frequent concentrations below the detection limit, and
fewer intermediate concentrations than larger tributaries (Richards and Baker,
1993).

From cal culations combining estimated pesticide use data with measured load
data, it was estimated that less than 2% of applied pesticides reached surface
watersin the Mississippi River basin (Larson et al., 1995). Sincetherelative
percentages of specific pesticides reaching the rivers were often not in agree-
ment with projected runoff potentials, it was concluded that soil characteristics,
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weather, and agricultural management practices are more important than chemi-
cal propertiesin the delivery of pesticides to surface waters. Richards and Baker
(1993) concluded that average pesticide concentrationsin Lake Erie tributaries
are correlated with amount applied, but are also affected by chemical properties
and modes of application of the pesticides.

Therate of pesticide movement through the soil profile to ground water is
inversely proportional to the pesticide adsorption partition coefficient or Kd (a
measure of the degree to which a pesticide is adsorbed by the soil versus dis-
solved in the water). The larger the Kd, the slower the movement and the greater
the quantity of water required to leach the pesticide to a given depth. Other factors
affecting pesticide movement include pesticide solubility aswell as soil pH and
temperature.

Pesticides can be transported to receiving waters either in dissolved form or
attached to sediment. Dissolved pesticides may be leached to ground water
supplies. Both the degradation and adsorption characteristics of pesticides are
highly variable.

Pesticides have been widely detected in ground water, with concentrations
usually much lower than in surface water but with greater longevity (Barbash
and Resek, 1996). The most common detected are corn and soybean herbicides,
which were reported to occur in up to 30% of samplesin anational water quality
assessment (Barbash et a., 2001). Of those with detections, 98% were below 1.0 ug/
L and only exceeded the MCL in 2 of 2,227 sites. In another study, herbicides,
including atrazine, prometron, metolachlor, and alachlor were detected in 24 percent
of shallow aquifersin the Midwest sampled by USGS (Burkhart and Kolpin, 1993).
Reported concentrations for all compounds were less than 0.5 ug/Il. In Walnut
Creek, lowa, herbicides were not generally found in concentrations above 0.2
ug/l in shallow ground water (Hatfield et al. 1993). In the Mid-Atlantic region,
pesticide compounds, including atrazine and its metabolites, metolachlor,
prometron, and simazine, have been detected in about half of ground water samples
analyzed, but rarely at concentrations exceeding established MCLs (Ator and
Ferrari, 1997). The occurrence of pesticidesin ground water of the Mid-Atlantic
region was related to land cover and rock type: agricultural and urban land use
practices are likely sources of pesticides, and rock type affects the movement of
these compoundsinto and through the ground water system. Recently, Kolpin et
a. (2000) found that one or more pesticides were detected at nearly half of 2500
USGS NAWQA ground water sites sampled across the United States. Observed
pesticide concentrations were generally low. Pesticides were commonly detected
beneath both agricultural and urban areas.

Habitat Impacts

The functioning condition of riparian-wetland areasis aresult of interaction
among geology, soil, water, and vegetation. Riparian-wetland areas are function-
ing properly when adequate vegetation is present to

O Dissipate stream energy associated with high water flows, thereby
reducing erosion and improving water quality;

O Filter sediment and aid floodplain devel opment;
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0

Support denitrification of nitrate-contaminated ground water asitis
discharged into streams;

Improve floodwater retention and ground water recharge;

Develop root masses that stabilize banks against fluvial erosion (scour-
ing) and gravitational bank collapse (slumping);

Develop diverse ponding and channel characteristicsto provide the
habitat and the water depth, duration, and temperature necessary for fish
production, waterfow! breeding, and other uses; and

Support biodiversity.

Numerous land uses, such as silviculture, agriculture, and urbanization, have the
potential to degrade riparian habitats. Improper livestock grazing affectsall four
components of the water-riparian system: banks and shores, water column,
channel morphology, and aquatic and bordering vegetation (Platts, 1990). The
potential effects of improper grazing management or improper use of grazing
landsinclude:

a
a

Shore/banks

Shear or sloughing of streambank soils by hoof or head action.

Water, ice, and wind erosion of exposed streambank and channel soils
because of loss of vegetative cover.

Elimination or loss of streambank vegetation.
Reduction of the quality and quantity of streambank undercuts.

Increasing streambank angle (laying back of streambanks), which
increases water width, decreases stream depth, and alters or eliminates
fish habitat.

Water Column

Excessive withdrawal from streamsto irrigate grazing lands.

Drainage of wet meadows or lowering of the ground water table to Riparian-wetland

facilitate grazing access. vegetation is
essential for stable

Pollutants (e.g., sediments) in return water from grazed lands, which are aquatic ecosystems.

detrimental to the designated uses such asfisheries.

Changes in magnitude and timing of organic and inorganic energy (i.e.,
solar radiation, debris, nutrients) inputsto the stream.

Increasein fecal contamination.

Changes in stream morphology, such asincreases in stream width and
decreases in stream depth, including reduction of stream shore water

depth.
Changes in timing and magnitude of stream flow events from changesin
watershed vegetative cover.

Increasein stream temperature.
Channd

Changesin channel morphol ogy.
Altered sediment transport processes.
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Improper livestock
grazing can have
devastating impacts
on streambanks,
hydrology, water
quality, and aquatic
habitat.

Riparian Vegetation

O Changesin plant species composition (e.g., shrubsto grassto forbs).

O Reduction of floodplain and streambank vegetation including vegetation
hanging over or entering into the water column.

(O Decreaseinplant vigor.

O Changesin timing and amounts of organic energy leaving theriparian
zone.

O Elimination of riparian plant communities (i.e., lowering of the water
table allowing xeric plantsto replace riparian plants).

Water temperature plays akey rolein the life of fish and other aguatic organisms
by influencing their distribution, growth rate, and survival (Barthalow, 1989;
Holmes and Regier, 1990; Armour 1991), as well as migration patterns, egg
maturation, incubation success, competitive ability, and resistance to parasites,
diseases, and pollutants (Armour 1991). Increasesin water temperature can also
cause shiftsin algal communities from cold-water diatoms to warm-water green
and blue-green species which can cause other water quality problems (Horner et.
al, 1994). In addition, water temperature affects the rates of in-stream chemical
reactions, the self-purification capacity of streams, and their aesthetic and
sanitary qualities (Feller 1981). Changesin channel morphology leading to an
increased stream width and decreased depth, as well as loss of riparian vegeta-
tion, have the potential to alter stream temperature. A wider and shallower
stream has a greater surface area and a greater air-water interface, where most
energy exchanges occur; hence, the surface area of the stream is directly related
to water temperature changes. Also, losses in riparian vegetation expose the
stream to greater temperature fluctuations, resulting in potentially higher tem-
peratures during the day and cooler temperatures at night. Riparian vegetation
actsto moderate stream temperatures by absorbing short-wave radiation during
the day and insulating the stream from loss of long-wave radiation at night.

Improperly managed livestock grazing can significantly contribute to
streambank erosion and riparian habitat degradation. In a study of 60 streamsin
the Intermountain West, it was found that grazed stream habitats were substan-
tially degraded with poor riparian conditions (Robinson and Minshall, 1995).
Problems associated with improper grazing management included reduced
riparian cover, exposed streambanks, high sediment levels, elevated water
temperatures, higher nutrient levels, and a shifting to more stress-tolerant
invertebrates.

Sail erosion, primarily from poor grazing management and poorly maintained
riparian areas, is causing excessive sedimentation to the Missouri River in South
Dakota (Osmond et al., 1997). This sedimentation has impaired recreational uses
and hydropower generation, and hasincreased flooding in the cities of Pierre
and Ft. Pierre. Improper livestock grazing management has also contributed to
declines in anadromous fish populations in the Upper Grande Ronde Basin in
Oregon (Osmond et al., 1997). Increased stream water temperature and 10ss of
habitat, caused largely by the lossin riparian vegetation, are key factorsin the
decline (Hafele, 1996). Improper grazing management in the Morro Bay, Cali-
fornia, watershed has stripped riparian areas of their vegetation and decreased
streambank stability, contributing to the excessive erosion in the watershed
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(Osmond et al., 1997). Sedimentation has caused negative impacts to both the
oyster industry and anadromous fish species. Streambank erosion in Peacheater
Creek, Oklahoma, hasimpaired aquatic habitat (Osmond et al., 1997).

Mechanisms to Control
Agricultural Nonpoint Source Pollution

There exists a considerable amount of jargon associated with the mechanismsto
control nonpoint source pollution. Terms include best management practices
(BMPs), management practices, accepted agricultural practices, management
measures, BMP systems, management practi ce systems, resource management
systems (RMSs), total resource management systems, and the like. Some of these
terms are based in legislation or regulations such as the management measures
specified by EPA for the section 6217 coastal nonpoint pollution control pro-
gram (EPA, 1993a) and Vermont’s accepted agricultural practices (Vermont
Department of Agriculture, 1995), while other terms are found in technical
manuals, journal articles, and informational materials.

The meanings of the terms also vary. Most practitioners consider BMPsto be
individual practices or groups of practices that serve specific functions such as
excluding livestock or routing water safely away from eroding or contaminated
areas. Management measures are generally groups of affordable management
practices that are used together in a system to achieve more comprehensive goals
such as minimizing the delivery of sediment from afarm to receiving waters or
maximizing the efficiency with which nutrients are applied to croplands to
achieve reasonable yields. RM Ss generally go beyond management measuresin
that they may contain practices that address natural resource concerns other than
water quality, and must meet criteriafor soil, water, air, and related plant,
animal, and human resources. Since the focus of this guidance is water quality
issues, the full complement of issues addressed in atypical RMSis not ad-
dressed. For example, water quality performance expectations are contained in
the management measures, but criteriafor animal resources are absent. Resource
management planning concepts are discussed briefly in this chapter, however.

Because definitions of terms overlap, thereisno clear hierarchy or levels of
control that can be adopted for this guidance and agreed upon by all readers, but
the following statements apply:

O Complete RMSs are not presented in this guidance, but resource man-
agement planning concepts are discussed. The water quality aspects and
some of the soil, air, and plant criteria of an RM S are addressed through
the management measures.

O Individual management practices are the building blocks for manage-
ment practice systems and management measures.

O Implementation of all six management measures, as appropriate, will
result in acomprehensive, technol ogy-based water quality protection
plan on most? farms.

1In some cases, additional control practices may be needed to address problems that are not
anticipated by the management measures.
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Management Measures
Management measures are defined under section 6217 of CZARA as:

economically achievable measures for the control of the
addition of pollutants from existing and new categories
and classes of nonpoint sources of pollution, which reflect
the greatest degree of pollutant reduction achievable
through the application of the best available nonpoint
source control practices, technologies, processes, siting
criteria, operating methods, or other alternatives.

The management measures specified by EPA for section 6217 contain perfor-
mance expectations and, in many cases, specific actions that are to be taken to
prevent or minimize nonpoint source pollution (EPA, 1993a). For example, the
performance expectations for erosion and sediment control for agriculture are
“to minimize the delivery of sediment from agricultural lands to surface waters’
or “to settle the settleable solids and associated pollutantsin runoff delivered
from the contributing areafor storms up to and including a 10-year, 24-hour
frequency.” Individual management practices or specific actions needed to
achieve these performance expectations are not included in the management
measure statement. The management measure for pesticides, however, includes
both performance expectations (“ reduce contamination of surface water and
ground water from pesticides’) and specific practices and actions such as anti-
backflow devices on hoses, and calibration of pesticide spray equipment. Thus,
in most cases, there is considerable flexibility to determine how to best achieve
the performance expectations for EPA’s section 6217 management measures.

EPA’s six management measures for agriculture are described in Chapter 4.

Management Practices

“Best” management practices, BMPs, are designed to reduce the quantities of
pollutants that are generated at and/or delivered from a source to areceiving
water body. In EPA’s guidance for section 6217, the term management practice
isused in lieu of BMPs since “best” can be a highly subjective and site-specific
label. For example, the BMP manuals used by States to implement the Clean
Water Act section 319 program are not identical although much consistency
exists across States. Even within States, a practice may be considered best in one
area(e.g., coastal plain) but inappropriate in another area (e.g., mountains).
Criteriafor determining what is best may include extent of pollution prevention
or pollutant removal, ease of implementation, ease of maintenance and opera-
tion, durability, attractivenessto landowner (e.g., how willing will farmers be to
implement the practice in avoluntary program?), cost, and cost-effectiveness.
The relative importance assigned these and other criteriain judging what is best
varies across States, within States, and among landowners, often for very good
reasons (e.g., irrigation water management considerations are very different in
western States with low rainfall and water rights laws, versus midwestern States
with diminishing ground-water reserves, versus eastern States with plentiful
rainfall and surface waters). For these reasons, this guidance is consistent with
the section 6217 management measures guidance in its use of the term “manage-
ment practice” rather than “BMP.”
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Management practices can be structural (e.g., waste treatment lagoons, terraces,
or sediment basins) or managerial (e.g., rotational grazing, nutrient management,
pesticide management, or conservation tillage). Management practices generally
do not stand alone in solving water quality problems, but are used in combina-
tions to build management practice systems. For example, soil testing is a good
practice for nutrient management, but without estimates of realistic yield; good
water management; appropriate planting techniques and timing; and proper
nutrient selection, rates, and placement; the performance expectations for
nutrient management cannot be achieved.

Each practice, in turn, must be selected, designed, implemented, and maintained
in accordance with site-specific considerations to ensure that the practices
function together to achieve the overall management goals. For example, a
grassed waterway must be designed to handle all of the water that will be
conveyed to it from upland areas, including all water re-routed with diversions
and drainage pipes. Design standards and specifications must be compatible for
practicesto work together as effective systems.

A summary of agricultural management practices and how they functionin
systemsis given in Chapter 3. Management practices that can be used to achieve
each of the six agricultural management measures are described in Chapter 4.

Resource Management Planning Concepts

Resource management planning, also known as conservation planning, for
agricultural operationsis anatural resource problem solving and management
process. The process integrates economic, social (including cultural resources),
and ecological considerationsto meet goals and objectives. It involves setting of
personal, environmental, economic, and production goals for the farm or ranch.
The challenge in resource management planning is to balance the short-term
demands for production of food, fiber, wood, and other agricultural products,
with long-term sustainability of aquality environment.

Resource management systems are combinations of conservation practices and
resource management, identified by land or water uses, for the treatment of all
natural resource concerns for soil, water, air, plants, and animals that meets or
exceeds the quality criteriafor resource sustainability. The quality criteriaare
described in the USDA Natural Resources Conservation Service (NRCS) Field
Office Technical Guide (FOTG). See Appendix B for additional information on
theFOTG

Aresource
management plan
for the farm serves
to maintain quality of
life while achieving
goals for profitability
Resource management planning is preferred by land managers who have a and water quality.
negative reaction to “single purpose plans’ that address individual economic or
natural resourceissues. Essential goals for afarm or ranch resource management
planinclude:

O Improving or ensuring profitability by finding solutions that save money,
increase sales, improve product quality, or simplify/reduce the work;

O Reducing water pollution through application of appropriate systems of
management practices;
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O Coordinating regulatory input so that implementation of the resource
management plan will assure compliance with all applicable regulations
impacting the agricultural operation; and

O Incorporating the farm or ranch family’s personal goals for quality of
life.

NRCS and its cooperating conservation partners use athree-phase, nine-step
planning process. This processis very dynamic, frequently requiring plannersto
cycle back to previous stepsin order to fully achieve the goals set for the plan.
Many states are developing their own resource management planning protocols.
An example of one of these effortsis the Idaho One Plan. The Idaho program
was devel oped to reduce diverse agency requirements and to produce a user-
friendly product that allows farmers and ranchers to devel op resource manage-
ment plans unique to their operations.

Individualsinterested in resource management planning should contact their
local NRCS office, soil and water conservation district, cooperative extension
service, land grant university, state department of agriculture, or other appropri-
ate agency to learn more about locally avail able information.
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Management Practices

Management practices areimplemented on agricultural landsfor avariety of
purposes, including protecting water resources, protecting terrestrial or aquatic
wildlife habitat, and protecting the land resource from degradation by wind, salt,
and toxic levels of metals. The primary focus of this guidanceison agricultural
management practicesthat control the generation and delivery of pollutantsinto
water resources or remediate or intercept pollutants beforethey enter water
resources.

NRCS maintains aNational Handbook of Conservation Practices (USDA-NRCS,
1977), updated continuously, which detail s nationally accepted management
practices. These practices can be viewed at the USDA-NRCSweb site at
www.nrcs.usda.gov/technical/efotg/. In addition to the NRCS standards,

many States uselocally determined management practicesthat are not reflectedin
the NRCS handbook. Readersinterested in obtai ning information on management
practicesused in their areashould contact their local Soil and Water Conservation
District or local USDA office. Two very hel pful handbooksfor farmersinthe Midwest
are 60 Ways Farmers Can Protect Surface Water (Hirschi et al., 1997), and 50 Ways
FarmersCan Protect their Ground Water (Hirschi et d., 1993).

How Management Practices Work to Prevent
Nonpoint Source Pollution

Management practices control the delivery of nonpoint source (NPS) pollutantsto
receiving water resources by

O minimizing pollutantsavailable (source reduction);

O retarding thetransport and/or delivery of pollutants, either by reducing
water transported, and thus the amount of the pollutant transported, or
through deposition of the pollutant; or

O remediating or intercepting the pollutant before or after itisdelivered to
the water resource through chemical or biological transformation.

Management practices are generally designed to control aparticular pollutant
typefrom specific land uses. For example, conservation tillage is used to control
erosion fromirrigated or non-irrigated cropland. Management practicesmay also
provide secondary benefits by controlling other pollutants, depending on how the
pollutants are generated or transported. For example, practiceswhich reduce
erosion and sediment delivery often reduce phosphorus losses since phosphorusis
strongly adsorbed to silt and clay particles. Thus, conservation tillage not only
reduces erosion, but also reduces transport of particul ate phosphorus.

In some cases, amanagement practice may provide environmental benefits
beyond those linked to water quality. For example, riparian buffers, which reduce

Management
practices can
minimize the delivery
and transport of
agriculturally derived
pollutants to surface
and ground waters.
Although a wide
variety of BMPs are
available, all require
regular inspection
and maintenance.
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Control of surface
transport may
increase leaching of
pollutants.

phosphorus and sediment delivery to water bodies, also serve as habitat for many
speciesof birdsand plants.

Sometimes, however, management practices used to control one pollutant may
inadvertently increase the generation, transport, or delivery of another pollutant.
Conservation tillage, becauseit createsincreased soil porosity (i.e., large pore
spaces), may increase nitrate leaching through the soil, particularly when the
amount and timing of nitrogen application isnot part of the management plan.
Tiledrains, used to reduce runoff and increase soil drainage, can also have the
undesirable effect of concentrating and delivering nitrogen directly to streams
(Hirschi et al., 1997). In order to reduce the nitrogen pollution caused by tile
drains, other management practices, such as nutrient management for source
reduction and biofiltersthat are attached to the outflow of thetiledrainsfor
interception, may be needed. On the other hand, practices which reduce runoff
may contribute to reduced in-stream flows, which have the potential to adversely
impact habitat. Therefore, management practices should only be chosen after a
thorough evaluation of their potential impacts and side-effects.

Water Quality Effects of USDA-NRCS Practices

USDA-NRCS conservation practices can be structural (e.g., Waste Treatment
Lagoons; Terraces; Sediment Basins; or Fences) or agronomic (e.g., Prescribed
Grazing; Nutrient Management; Pest M anagement; Residue Management; or
Conservation Cover.) Not all USDA-NRCS conservation practices are applicable
in al areas of the United States. When and where applicable, their effectson
water quality may vary based on many factors. Some of these factorsinclude
climate, soils, topography, geology, existing cultural and management activities,
aswell as modifications made to the practice standards that govern how the
practicesareto be applied in local settings.

Guidanceidentifying expected effects of USDA-NRCS conservation practices has
been prepared and is being kept up to date by discipline and resource specialistin
each state. Technical guidance for water quality effectsisfound in the Conserva-
tion Practice Physical Effects (CPPE) documentsin SectionV of the NRCS Field
Office Technical Guide (FOTG). Table 3-1isasimplified table developed from
the CPPE in the Oregon FOTG Section V. This table shows the kind of informa-
tion available at the local level that can be used to help eval uate the effects of
specific conservation practices. For example, in the areafor which this guidance
was prepared it has been determined that Contour Buffer Strips (NRCS Practice
Code 332) can be expected to have beneficia effects on surface water quality, but
because the practiceincreasesinfiltration it can be expected to have detrimental
effectson ground water quality.
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Table 3-1. NRCS conservation practices, pollutants potentially controlled, and sources of pollutants (USDA-NRCS, 1977).

RESOURCE CONCERNS
w o g 7} o0 o % % g -8 5 3 E
g |eglz |2 |5 |8 |eg|lz |2 |8 |2 |85 [22g8E
s |E5 £ 2 |2 |2 |88l |3 |2 |z |22 |alsl:E
2 |586[8 |8 |§ |8 [56|8 |§ |§ |E |2& |gE583
= |7 c N L N £ = & |3 P& (3"
NRCS |CONSERVATION PRACTICES Ground Water Surface Water
Code
322 |[Channel Vegetation B B B B B B B B B B
327 |[Conservation Cover D B B B B B B B B B B B B
656 |Constructed Wetland B B B B B B B
332 |Contour Buffer Strips D D D D D B B B B B B B
342 |Critical Area Planting D B B B B B B B B B B B B B
400 |Floodwater Diversion B B B B B B B B B B
490 |Forest Site Preparation D D D D
412 |Grassed Waterway B B B B B
561 |Heavy Use Area Protection B D B
422 |Hedgerow Planting B B B B B
441 [irrigation System - Micro B B B B B B B B B B B B
442 |irrigation System - Sprinkler D D D D D B B B B B B B B
634 |Manure Transfer B B B B B B B B
484 |Mulching D D D D D B B B B B B B
580 |[Nutrient Management B B B B B B B B B
528A |Prescribed Grazing B B B B B B B
344 |Residue Management, Seasonal D D D D D B B B B B B B B B
391 |Riparian Forest Buffer B B B B B B B B B B B B
380 |Sediment Basin D D B D D B B B B B B B
351 [Well Decommissioning B B B B B
657 |Wetland Restoration B B B B B B

B - Beneficial effects expected

|D - Detrimental effects expected

|Blank - Not Rated
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If multiple sources of
a pollutant exist,
more than one
management practice
system

will be needed to
provide effective
control.

Management Practice Systems

Water quality problems cannot usually be solved with one management practice
because single practices do not typically providethefull range and extent of
control needed at asite. Multiple practices are combined to build management
practice systemsthat address treatment needs associated with pollutant generation
from one or more sources, transport, and remediation. M anagement practice
systems are generally more effectivein controlling the pollutant since they can be
used at two or more pointsin the pollutant delivery process. For example, the
objective of many agricultural NPS pollution projectsisto reduce the delivery of
soil from cropland to water bodies. A system of management practices can be
designed to reduce soil detachment, erosion potential, and off-site transport of
eroded soil. Such asystem could include conservation tillageto reduce soil
detachment and cropland erosion. Grassed waterways could beincluded to carry
concentrated flowsfrom thefieldsin anon-erosive manner, whilefilter strips
might be used to filter sediment from water leaving thefield in shallow, uniform
flow (Hirschi et al., 1997). Sediment retention basins could be added to trap
sediment and runoff from the farm if other practicesfailed to providethelevel of
control needed.

Similarly, if nitrogen isthe pollutant of concern, nutrient management can be used
to minimizethe availability of nitrogen for transport from cropland. This can be
achieved by matching the application rate with crop needs, based upon soil
testing, analysis of nutrient sources, and realistic yield expectations. Proper
timing of nutrient application will also reduce nitrogen availability sincethetime
frame over which the applied nitrogen is available but not used by thecropis
minimized. Conservation tillage can hel p reduce overland transport of nitrogen by
reducing erosion and runoff, and nutrient management will minimize subsurface
losses dueto the resulting increased infiltration. Filter strips can be used to
decrease nitrogen transport by increasing infiltration, and through uptake of
available nitrogen by thefield border crop. Nitrogen not controlled by nutrient
management, conservation tillage, and filter stripscan beintercepted and
remediated through denitrification in riparian buffers.

A set of practices does not constitute an effective management practice system
unlessthe practices are sel ected and designed to function together to achieve
water quality goalsreliably and efficiently. In the Oregon RCWP project (see
Chapter 1 for adiscussion of RCWP), dairy farmersinstalled animal waste
management systemsto reduce fecal coliform runoff into animportant shellfish-
producing estuary. Although 12 practices (waste storage, guttering, dike, drains,
etc.) initially comprised the animal waste management systems, these systems
were not as effective as needed because the practi ces addressed manure storage
but not land application of the manure. Utilization of manure was added asa
practice which enabled implementation of complete management practice systems
that successfully addressed the need for managing land application to achieve
water quality goals (Gale et al., 1993).

Types of Management Practice Systems
M anagement practice systems can be separated into three categories:
O repetitivetreatment,
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O necessary diversification, or
O acombination of thefirst two.

Systemsthat combineindividual management practicesto treat a pollutant at
different pointsin the pollutant delivery process achieve management objectives
through repetitive treatment. The above examplesfor sediment and nitrogen
control both employ repetitive treatment. Conservation tillage, grassed water-
ways, field borders, and sediment retention basins control soil particlesand runoff
at various stagesin the pollutant delivery process. Nutrient management, conser-
vation tillage, field borders, and riparian buffers provide similar repetitive treat-
ment to control nitrogen lossesin the second example.

In some cases amanagement practi ce cannot be used without an accompanying
practice. For example, if it isnecessary to install fenceto keep cowsfrom a
stream, watering devices may be needed to provide drinking water for the cows.
Thisisan example of necessary diversification.

Some management practice systemsinclude both treatment redundancy and
necessary diversification. An example of such asystemisan animal waste
management system in which some components are included to help others
function. For example, diversions and subsurface drains may be necessary to
convey runoff and wastesto awaste treatment lagoon for treatment. While the
diversionsand subsurface drains may not provide any measurable pollution
control of their own, they are essential to the overall performance of the animal
waste management system. Other components, such as lagoons and waste utiliza-
tion plans, are added to provide repetitive treatment.

Site-Specific Design of Management Practice Systems

Thereisno single, ideal management practice system for controlling aparticul ar
pollutant in al situations. Rather, the system should be designed based on the
type of pollutant; the source of the pollutant; the cause of the pollution at the
source; the agricultural, climatic, and environmental conditions; the pollution
reduction goals; the economic situation of the farm operator; the experience of the
system designers; and thewillingness and ability of the producer to implement and
maintain the practices. Therelativeimportance of these and other factorswill vary
depending upon other considerations such aswhether theimplementationisvoluntary
(e.g., State cost-sharing program) or mandatory (e.g., discharge permits).

An exampl e of site-specific design of management practi ce systems can befound
in the Rural Clean Water Program (RCWP) which was discussed in Chapter 1. A
similar water quality problem existed in RCWP projects conducted in Utah and
Florida (Galeet a ., 1993). In both projects, eutrophication was caused partly by
excess phosphorus contained in dairy runoff. Animal waste management systems
wereinstalled in both projects. In the Florida project, seven individual manage-
ment practices (referred to as“BMPs” in the RCWP) were needed to control the
animal manurein barnyard areas, whereas only five BMPswere needed in Utah
(Table 3-2). Some BMPswere used in both projects, while other BM Pswere used
in one but not both projects. Differences existed because the regionsin which the
two projectswerelocated have significantly different climatic, ecological, and soil
characteristics, requiring different approachesto mitigate animal waste problems.
In Florida, annual rainfall isapproximately 50 inches per year, whereas annual
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Table 3-2. Animal waste management BMP systems used in two agricultural pollution

control projects (Utah and Florida).

NRCS Code Individual Animal Waste Management BMPs uTt FL
312 Waste Management System b =
313 Waste Storage Structure = =
356 Dike *
362 Diversion = b
425 Waste Stirage Pond b b
428 Concrete Lining b
633 Waste Utilization =

NRCS = Natural Resources Conservation Service, U.S. Department of Agriculture
Source for NRCS codes: USDA—NRCS, 1977

precipitation in Utah is approximately 16 inches per year. Surface water islargely
derived from snowmelt in Utah. Dikes were used in the Florida project to prevent
runoff and phosphorus from entering the drainage ditches. These dikeswere not
needed in Utah dueto thelower rainfall producing less runoff.

Practices Must Fit Together for Systems to Perform
Effectively

Each practicein amanagement practice system must be sel ected, designed,
implemented, and maintained in accordance with site-specific considerationsto
ensurethat the practices function together to achieve the overall management
goals. If, for example, nutrient management, conservation tillage, filter strips, and
riparian buffers are used to address a nitrogen problem, then planting and nutrient
applications need to be conducted in amanner consistent with conservation tillage
goalsand practices (e.g., injecting rather than broadcasting and incorporating
fertilizer). In addition, runoff from the fields must be conveyed evenly to thefilter
stripswhich, in turn, must be capable of delivering the runoff to the riparian
buffersin accordance with design standards and specifications.
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This guidance document is intended to provide technical information to state
program managers and others on the best available, economically achievable
means of reducing NPS pollution of surface and ground water from agriculture.
The guidance provides background information about agricultural NPS pollu-
tion, where it comes from and how it enters the nation’s waters, discusses the
broad concept of assessing and addressing water quality problems on a water-
shed level, and presents up-to-date technical information about how to reduce
agricultural NPS pollution.

Management measures for nutrient management, pesticide management, erosion
and sediment control, facility wastewater and runoff from confined animal
facilities, grazing management, and irrigation water management are described
in Chapter 4. Also in Chapter 4 are discussions of BMPsthat can be used to
achieve the management measures, including cost and effectivenessinformation.

4A: Nutrient Management

Management Measure for Nutrients

Develop, implement, and periodically update a nutrient management plan to:
(2) apply nutrients at rates necessary to achieve realistic crop yields, (2)
improve the timing of nutrient application, and (3) use agronomic crop
production technology to increase nutrient use efficiency. When the source of
the nutrientsis other than commercial fertilizer, determine the nutrient value
and the rate of availability of the nutrients. Determine and credit the nitrogen
contribution of any legume crop. Soil and plant tissue testing should be used
routinely. Nutrient management plans contain the following core compo-
nents.

1 Farm and field maps showing acreage, crops, soils, and waterbodies.
The current and/or planned plant production sequence or crop rotation
should be described.

2 Redlistic yield expectationsfor the crop(s) to be grown, based

primarily on the producer’s actual yield history, State Land Grant To reduce water
University yield expectations for the soil series, or local NRCS pollution caused by
information for the soil series. nitrogen and

phosphorus, develop
and implement a

broad-based nutrient
(1 Soil test results for pH, phosphorus, nitrogen, and potassium; management plan.

3 A summary of the nutrient resources available to the producer, which
at aminimum include:

(] Nutrient analysis of manure, sludge, mortality compost (birds, pigs,
etc.), or effluent (if applicable);

(7] Nitrogen contribution to the soil from legumes grown in the
rotation
(if applicable); and

National Management Measures to Control Nonpoifdsiinsdi aweAg e 4-37
Page 37607



Chapter 4: Management Measures

While the nutrient
management plan
may have many
components, the
principle is simple:
minimize total
losses.

(71 Other significant nutrient sources (e.g., irrigation water,
atmospheric deposition).

4.  Anevauation of field features based on environmental hazards or
concerns, such as;

(7] Sinkholes, shallow soils over fractured bedrock, and soils with high
leaching potential;

(1 Subsurfacedrains (e.g., tiledrains);
1 Lands near surface water;

(1 Highly erodible soils;

(7] Shallow aquifers,

([ Combinations of excessively well drained soils and high rainfall
seasons, resulting in very high potential for surface runoff and
leaching; and

(] Submarine seeps, where nutrient-laden ground water from upland
areas can directly enter the ocean through tidal pumping (e.g. along
the coastline of Maui, Hawaii).

5 Use of the limiting nutrient concept to establish the mix of nutrient
sources and requirements for the crop based on arealistic yield
expectation.

6. Identification of timing and application methods for nutrientsto
provide nutrients at rates necessary to achieve realistic crop yields,
reduce losses to the environment, and avoid applications as much as
possible to frozen soil and during periods of leaching or runoff.

7. Provisionsfor the proper calibration and operation of nutrient
application equipment.

Management Measure for Nutrients: Description

The goal of this management measure is to minimize nutrient losses from agricul-
tural lands occurring by edge-of-field runoff and by leaching from the root zone.
Once nitrogen, phosphorus, or other nutrients are applied to the soil, their move-
ment islargely controlled by the movement of soil and water and must therefore
be managed through other control systems such as erosion control and irrigation
water management. Effective nutrient management abates nutrient movement by
minimizing the quantity of nutrients available for loss (source reduction). Thisis
usually achieved by devel oping a nutrient budget for the crop, applying nutrients
at the proper time with proper methods, applying only the types and amounts of
nutrients necessary to produce a crop, and considering the environmental hazards
of the site. In cases where manure is used as a nutrient source, manure holding
areas may be needed to provide capability to apply manure at optimal times.

The focus of nutrient management isto increase the efficiency with which applied
nutrients are used by crops, thereby reducing the amount available to be transported
to both surface and ground waters. In many instances, nutrient management resultsin
the use of less commercial fertilizer and, therefore, areduction in production
costs. However, where there has not been abalanced use of nutrientsin the past,
the application of this management measure may result in more nutrients being

goplied.
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The best approach to minimizing nutrient transport to surface and ground waters
depends upon whether the nutrient isin the dissolved phase or is attached to soil
particles. For dissolved nutrients, effective management includes source reduc-
tion and reduction of water runoff or leaching. Erosion and sediment transport
controls are necessary to reduce transport of nutrients attached to soil particles.
Practices that focus on controlling the transport of smaller soil particle sizes
(e.g., clays and silts) are most effective because these are the soil fractions that
transport the greatest share of adsorbed nutrients.

Sources of Nutrients

Nitrogen (N), phosphorus (P), and potassium (K) are the primary nutrients
applied in most agricultural operations. Nutrient management planstypically
focus mainly on N and P, the nutrients of greatest concern for water quality.

The major sources of nutrientsinclude:
1 Commercial fertilizers
(] Manures, sludges, and other organic materials
(] Cropresiduesand legumesin rotation
(] Irrigation water
[ Soil reserves

Because these two elements behave very differently, basic understanding of how
N and P are cycled in the soil-crop system is an important foundation for effec-
tive nutrient management.

Nutrient Cycles

Nitrogen is continually cycled among plants, soil organisms, soil organic matter,
water, and the atmosphere (Figure 4a-1) in acomplex series of biochemical

Figure 4a-1. The nitrogen cycle (Kansas State Univ. CES & NAWG Foundation, 1994).

Nutrient
management
planningis
enhanced by
knowledge of the
nitrogen and
phosphorus cycles.

Protein

Nitrate
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transformations. Some N forms are highly mobile, while others are not. At any
given time, most of the N in the soil isheld in soil organic matter (decaying
plant and animal tissue) and the soil humus. Mineralization processes slowly
transform the N in soil organic matter by microbial decomposition to ammonium
ions (NH4+), releasing them into the soil where they can be strongly adsorbed
and relatively immobile. Plants can use the ammonium, however, and it may be
moved with sediment or suspended matter. Nitrification by soil microorganisms
transforms ammonium ions (either mineralized from soil organic matter or added
in fertilizer) to nitrite (NO2-) and then quickly to nitrate (NO3-), which is easily
taken up by plant roots. Nitrate, the form of N most often associated with water
guality problems, is soluble and mabile in water. Immobilization includes
processes by which ammonium and nitrate ions are converted to organic-N,
through uptake by plants or microorganisms, and bound in the soil. Denitrifica-
tion converts nitrate (NO3) into nitrite (NO2) and then to nitrous oxide (N20)
and gaseous nitrogen (N) through microbial action in an anaerobic environment.

A nitrogen molecule may pass through this cycle many timesin the same field.
The processes in the nitrogen cycle can occur simultaneously and are controlled
by soil organisms, temperature, and availability of oxygen and carbon in the soil.
The balance among these processes determines how much N is available for
plant growth and how much may be lost to ground water, surface water, or the
atmaosphere.

Phosphorus lacks an atmospheric connection (although it can be transported via
airborne soil particles) and is much less subject to biological transformation,
rendering the P cycle considerably simpler (Figure 4a-2). Most of the P in soil
occurs asamixture of minera and organic materials. A large amount of P (50—
75%) is held in soil organic matter which is slowly broken down by soil microor-
ganisms. Some of the organic Pis released into soil solution as phosphate ions
that are immediately available to plants. The phosphate ions rel eased by decom-
position or added in fertilizers are strongly adsorbed to soil particlesand are
rapidly immobilized in formsthat are unavailable to plants. The equilibrium

Figure 4a-2. The phosphorus cycle (Buckman and Brady, 1969).
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level of dissolved P in the soil solution is controlled by the chemical environ-
ment of the soil (e.g. pH, oxidation-reduction, iron concentration) and by the P
content of the soil.

Commercial Fertilizers

Fertilizers represent the largest single source of N, P, and K applied to most
cropland in the U.S. Major commercial fertilizer N sources include anhydrous
ammonia, urea, ammonium nitrate, and ammonium sulfate. Mgjor P fertilizer
sources include monoammonium phosphate, diammonium phosphate, triple
superphosphate, ammonium phosphate sulfate, and liquids. The predominant
source of potassium (K) fertilizer is potassium chloride. Descriptions of com-
mon fertilizer materials are given in Table 4a-1. The use of any particular
material or blend is governed by the characteristics of the formulation (such as
volatilization potential and availability rate), suitability for the particular crop,
crop needs, existing soil test levels, economics, application timing and equip-
ment, and handling preferences of the producer. An example of general fertilizer

Table 4a-1. Common fertilizer minerals.

Analysis (%)
Common Name Chemical Formula N PO, K,O
Nitrogen materials
Ammonium nitrate NH,NO, K7} 0 0
Ammonium sulfate (NH,),SO, 21 0 0
Ammonium nitrate-urea NH,NO,+(NH,),CO 32 0 0
Anhydrous ammonia NH, 82 0 0
Aqua ammonia NH,OH 20 0 0
Urea (NH,),CO 46 0 0
Phosphate materials
Superphosphate Ca(H,PO,), 0 20-46 0
Ammoniated
superphosphate Ca(NH,H,PO,), 5 40 0

Monoammonium

phosphate NH,H,PO, 13 52 0
Diammonium

phosphate (NH,),HPO, 18 46 0

Urea-ammonium

phosphate (NH,),CO+(NH,),HPO, 28 28 0
Potassium materials
Muriate of potash KCI 0 60
Monopotassium phosphate KH,PO, 50 40
Potassium hydroxide KOH 0 70
Potassium nitrate KNO, 13 0 45
Potassium sulfate K,SO, 0 0 50
Source: Pennsylvania State University. 1997. The Penn State Agronomy Guide, 1997-1998, University Park, PA. Cornell
Cooperative Extension. 1997. 1997 Cornell Recommendations for Integrated Field Crop Management. Resource Center, Cornell
University, Ithaca, NY.

National Management Measures to Control Nonpoifdsiinsdi aweAg e 441
Page 37611



Chapter 4: Management Measures

Precison Farming

A New Era of Production

The Precisely Tailored Practice

Precision farming, also known as site-specific management, is afairly new practice that has been attract-
ing increasing attention both within and outside the agricultural industry over the past few years. It isa
practice concerned with making more educated and well-informed agricultural decisions. Precision
farming provides tools for tailoring production inputs to specific plots (or sections) within afield. The
size of the plots typically range from one to three acres, depending on variability within the field and the
farmer’s preference. By treating each plot as much or as little as needed, farmers can potentially reduce
the costs of seed, water, and chemicals; increase overall crop yields; and reduce environmental impacts by
better matching inputs to specific crop needs. Rather than applying fertilizer or pesticidesto an entire
field at a single rate of application, farmersfirst test the soil and crop yields of specific plots and then
apply the appropriate amount of fertilizer, water, and/or chemicals needed to alleviate the problemsin
those sections of the field. Precision farming requires certain technology, which is an added cost, as well
asincreased management demands.

Precision farming is changing the way farmers think about their land. They are increasingly concerned
not with the average needs of the entire field, but with the actual needs of specific plots, which can
fluctuate from one sguare meter to the next. The practice of precision farming acknowledges the fact that
conditions for agricultural production vary across space and over time. With thisin mind, precision
farmers are now making management decisions more specific to time and place rather than regularly
scheduled and uniform applications.

The Computer-Aided Approach

The approach of precision farming involves using awide range of computer-related information technol o-
gies, many just recently introduced to production agriculture, to precisely match crops and cultivation to
the various growing conditions. The key to successfully using the new technologies available to the
precision farmer to maximize possible benefits associated with this approach is information. Data collec-
tion efforts begin before crop production and continue until after the harvest. Information-gathering
technol ogies needed prior to crop production include grid soil sampling, past yield monitoring, remote
sensing, and crop scouting. These data collection efforts are even further enhanced by obtaining precise
location coordinates of plot boundaries, roads, wetlands, etc., using aglobal positioning system (GPS).

Other data collection takes place during production through “local” sensing instruments mounted directly
on farm machinery. Variable rate technology (VRT) uses computerized controllers to change rates of
inputs such as seed, pesticides, and nutrients through planters, sprayers, or irrigation equipment. For
example, soil probes mounted on the front of fertilizer spreaders can continuously monitor electrical
conductivity, soil moisture, and other variablesto predict soil nutrient concentrations and accordingly
adjust fertilizer application “on-the-fly” at the rear of the spreader. Other direct sensors available include
yield monitors, grain quality sensors, salinity meter sleds, weather monitors, and spectroscopy devices.
Optical scanners can be used to detect soil organic matter, to recognize weeds, and to instantaneously
alter the amount or application of herbicides applied.

The precision farmer can then take the information gathered in the field and analyze it on a personal
computer. The personal computer can help today’s farmer organize and manage the information collected
more effectively. Computer programs, including spreadsheets, databases, geographic information systems
(GIS), and other types of application software, are readily available. By tying specific location coordi-
nates obtained from the GPS in with the other field data obtained, the farmer can use the GIS capability to
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create overlays and draw analytical relationships for site-specific patterns of soils, crop yields, input
applications, drainage patterns, and other variables of interest over a particular distance or time period.

GIS can also be integrated with other decision support systems (DSS), such as process models and
artificial intelligence systems, to simulate anything from crop growth and financial expectationsto the
generation and movement of nutrients and pesticides through the environment. Today’s precision farmer
can also use expert systems, information systems based on input from human experts, to retrieve advice
on when to spray for specific pests, when to till, and so forth. These systems are continuously modified
for the farmer’s field based on past, current, and expected conditions represented by soil, weather, pest
level, and other datainput from the GIS.

The Technology-Driven Future

Further technological advances will make the coming years decisive for the precision farming industry.
There's ho saying what the future holds for this new era of agricultural production. Listed below are just a
few of the technological advances projected to hit thisindustry in the years to come.

(7] Onboard grain quality analyzerswill check both physical and chemical attributes (including
smell).

(7] High-precision soil testing will move from the lab to the field, with fiberoptic spectrometers
attached to real-time onboard computers.

Q

Micro-ecology will be tested along with water runoff and air samples.

Q

Immunochemical assayswill measure chemical residues on leaf surfaces or monitor plant health
and productivity.

(7] A widerange of sensors, monitors, and controllers such as shaft monitors, pressure transducers,
and servo motors will be used to collect accurate data

(0] Weather monitors will be mounted on sprayers, or “talk” directly to local weather station
networks as they simultaneously change droplet size or spray patterns, as well as rates and
products, on the go.

(7] Remote imaging technologieswill be used to assess crop health and management practice
implementation.

a

Guidance on control systems will guarantee straight rows, control depth, and optimize inputs.

Q

Crop models will optimize economic and environmental variables. Farmerswill buy insurance
directly from the underwriter, who will also rely on remote sensing and risk modeling.

(] Wearable computers with voice recognition and head-mounted displays will guide farmers
through equi pment mai ntenance and crop scouting.

Although precision farming has not yet been widely adopted to date, this practice continues to attract
increasing attention both on and off the farm. Much of the off-the-farm enthusiasm for precision farming
can be attributed to the eminent good sense of matching input application to plant needs. Precision
farming is simply a more finely tuned version of the kinds of BM Ps already recommended at the field
level. Because thistechnology is still somewhat new to the industry, there is much more to learn about the
potential overall impact of precision farming on water and air quality relative to conventional techniques.
But one thing is certain: precision farming has the potential to enhance economic return (by cutting costs
and raising yields) and to reduce environmental risk (by reducing the impacts of fertilizers, pesticides,

and erosion).
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Table 4a-2. Fertilizer recommendations for corn in New York State (Cornell Cooperative Extension, 1997).

Fertilizer Nutrients to Be Added (Ib/A )[4}

NITROGEN (N)|5). 161, 17}

Type of Plowed Sod
Less than Greater than
Grass 50% Lepuime 50% Legume PHOSPHORUS (P,0)) POTASSIUM (K,0)
Soil Soil Test Phosphorus Levels (8} Soil Test Potassium Levels [8]
Management Years No No No Very Very | Very Very
Group Following Sod | Manure Manure |Manure Manure | Manure Manure | Low Low Medium High  High | Low Low Medium High  High

Soil group I-Clayey soils, fine-textured 1 10-30 10-30 | 10-30 10-30|10-30 10-30
soils in northern New York, near lakes 2 50-100 1040 | 30-80 10-20|20-70 10-30
and along the Hudson River. Examples: 3 70-110 10-50 [60-100 10-40 |60-100 1040 | 70 60 40 20 0 50 40 30 20 0
Vergennes, Kingsbury, Hudson, 4 or more  |{80-120 20-60 [80-120 20-60 {80-120 20-60
Rhinebeck, Schoharie, Odessa.
Soil group 11-Silty soils, medium- to 1 10-30 10-30 | 10-30 10-30 | 10-30 10-30
moderately fine-textured soils of the 2 60-100 10-40 | 50-90 10-30 | 40-80 10-30
central region. Examples: Cazenovia, 3 80-120 10-60 |70-110 10-50 [70-110 10-50 | 70 60 40 20 0 60 60 40 20 0
Hilton, Honeoye, Lima, Ontario, 4 ormore |90-130 30-70 {90-130 30-70 [90-130 30-70
Lansing, Mohawk, Chagrin, Teel.
Soil group I11-Silt loam soils, 1 10-30 10-30}10-30 10-30|10-30 10-30
moderately coarse-textured acid soils of 2 60-100 1040 | 40-90 10-30|30-80 10-30
the Southern Tier, glacial outwash. 3 80-120 2060 [70-110 10-50 |70-110 10-50 | 70 60 40 20 0 80 70 50 25 0
Examples: Barbour, Chenango, Palmyra, 4 ormore  |90-130 30-70 |90-130 30-70 {90-130 30-70
Tioga, Mardin, Langfor, Tunkhannock. g
Seil group IV-Loamy soils, coarse- to 1 10-30 10-30 | 10-30 10-30|10-30 10-30
medium-textured soils of northern New 2 60-110 10-50 | 50-90 10-30 | 40-90 10-30
York and the Hudson Valley. Examples: 3 80-120 1060 70-120 10-60 [70-110 10-50 | 70 60 40 20 0 120 80 50 25 0
Bombay, Broadalbin, Copake, 4 ormore [90-130 30-70 {90-130 30-70 [90-130 30-70
Empeyville, Madrid, Sodus, Worth.
Soil group V-Sandy soils, very coarse- 1 10-30 10-30 | 10-30 10-30 [ 10-30 10-30
textured soils on beach ridges, deltas, and 2 40-100 1040 | 20-80 10-20 | 20-70 10-30
sandy or gravelly outwash near 3 60-110 10-50 [50-100 1040 {50-100 1040 | 70 60 40 20 0 120 90 60 30 0
mountains and the Hudson Valley. 4 ormore |70-120 20-60 |70-120 10-60 {70-120 10-60

Examples: Alton, Colton, Windsor,
Colonie, Elmwood, Junius, Suncook.
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Chapter 4A: Nutrient Management

recommendationsfor cornis shown in Table 4a-2. Commercial fertilizers offer
the advantage of allowing exact formulation and delivery of nutrient quantities
specifically tailored to the site, crop, and time of application in concentrated,
readily availableforms.

Organic Nutrient Sources

Organic nutrient sources, such as manure, sludge, and compost, can supply all or
part of the N, P, and K needs for crop production. Organic nutrient sources offer
additional advantages because they also contain secondary nutrients and micro-
nutrients (e.g. iron, boron), add organic matter to the soil, provide nutrients to
crops for several years after application, and provide a practical outlet to recycle
manure and other farm organic materials. The use of manureis particularly
important on livestock and poultry farms because nutrients can build up in the
soil, be lost to the atmosphere, leach into ground water, or runoff to surface
waters as more nutrients are brought onto the farm than leave in products sold.
Table 4a-3 shows examples of estimated N and P mass balances for several New

York dairy farms.
Table 4a-3. N and P mass balances on several New York dairy farms.
Nitrogen Phosphorus
Size (# of cows) Size (# of cows)
45 85 120 45 85 120
—tons of N/yr—- —tons of Plyr—-

INPUT
purchased fertilizer 1.0 22 4.6 12 09 13
purchased feed 38 9.7 214 10 1.7 54
legume N fixation 13 11 32 — — —
Total: 6.1 13.0 29.2 22 26 6.7
OUTPUT
milk 20 38 6.3 04 0.7 11
meat 0.1 04 0.6 <0.1 0.1 02
crops sold 0.1 0.5 — <0.1 <0.1 —
Total: 22 47 6.9 04 038 13
REMAINDER 39 83 223 18 18 54
remaining onfarm  64% 64% 76% 81% 69% 81%
Source: Klausner, S. 1995. Nutrient Management: Crop Production and Water Quality.
95CUWFP1, Cornell University, Ithaca, NY.

The nutrient content of manure and other organic materials can vary greatly
according to the type of animal, type of feed, storage and handling procedures,
climate, and management. In order to use them efficiently, these materials must
be analyzed for their nutrient content. Examples of average values for nutrient
content of organic materials are shown in Table 4a-4; however, it isimportant to
note that the nutrient content of manure even on neighboring farm operations
may vary widely from the average.

A difficulty in using organic nutrient sourcesisthat their nutrient content is
rarely balanced for the specific soil and crop needs. For example, the ratio of
N:Pin applied manureisusually around 3 or less, while the ratio at which crops
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Table 4a-4. Representative values for nutrients in manure, sludge, and whey, as applied.

Species
Dairy cattle
Beef cattle
Swine
Poultry
Sheep
Horse

Species
Dairy cattle
Beef cattle
Veal calf
Swine
Poultry

DIGESTED S

WHEY

SOLID MANURE

% dry matter

18-22
15-50
18
22-76
28
46

LIQUID MANURE

% dry matter

1-8
1-1
3
14
13

LUDGE

Total N P,O41
—Ib/ton
6-17 49
11-21 7-18
8-10 69
20-68 16-64
14-18 9-11
14 4
——Ib/1000 gal
4-32 4-18
4-40 9-27
24 25
4-36 2-27
69-80 36-69
——Ib/1000 gal—
20 12
——Ib/1000 gal—
12 9

2-15
10-26
79
12-45
25-26
14

5-30
5-34
51
4-22
33-96

18

1Convert values for P205 and K20 to P and K by multiplying by 0.43 and 0.83, respectively.

Sources: Midwest Plan Service. 1985. Livestock Waste Facilities Handbook. lowa State University, 1991a.
Ames, IA. Klausner, S. 1995. Nutrient Management: Crop Production and Water Quality. 95CUWFP1, Cornell
University, Ithaca, NY. University of Wisconsin-Extension and Wisconsin Dept. of Agriculture, Trade, and
Consumer Protection. 1989. Nutrient and Pesticide Best Management Practices for Wisconsin Farms. WDATCP
Technical Bulletin ARM-1, Madison, WI. University of Vermont. 1996. Agricultural Testing Laboratory — Manure
Analysis Averages, 1992-1996. Dept. of Plant & Soil Science, University of Vermont, Burlington, VT.

Credits for previous
year manure
applications and
nitrogen-fixing crops
should be
considered in the
plan for nitrogen
management.

use nutrients typically ranges from 5 to 7. Therefore, when manureis applied at
rates based solely on N analysis and crop need for N, excess amounts of P are
added. Because the amounts of P added in manure exceed the amounts removed
by crops, continuous manure usage can result in accumulations of excessPin
the soil, increasing the potential for P to be transported in runoff and erosion

(Daniel etal., 1997).

Another difficulty in efficient use of manure nutrients involves nutrient avail-
ability. Not al nutrientsin manure are immediately available for crop uptake.
The organic N in manure, for example, must be mineralized before it can be used
by plants, a process that may take 3 or more years to complete. Examples of
average amounts of nutrients available for crop growth in the first year of
application in Wisconsin are shown in Table 4a-5. Actual quantities of available
nutrients at a specific site will depend on initial nutrient content of the manure,
soil type, temperature, and soil moisture. Failure to account for this slow avail-
ability can result in under-supply of nutrientsin a given year of manure applica
tion. Perhaps more critically, it must be recognized that when manureis applied
to the same field over the years, each succeeding year requires the addition of
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Chapter 4A: Nutrient Management

Table 4a-5. Nutrients available for crop use in the first year after spreading manure.

SOLID LIQUID

Animal N N P,Os N N P,O,
incorp. notincorp. incorp. notincorp.

Ibs/ton bs/1000 gal
Dairy 4 3 3 10 8 8
Beef 4 4 5 12 10 14
Swine 5 4 3 15 12 6
Poultry 15 13 14 41 35 38
Source: University of Wisconsin-Extension and Wisconsin Dept. of Agriculture, Trade, and Consumer Protection.
1989. Nutrient and Pesticide Best Management Practices for Wisonsin Farms. WDATCP Technical Bulletin ARM-
1, Madison, WI.

Table 4a-6. Quantity of livestock or poultry manure needed to supply 100 kg of Nitrogen

over the cropping year with repeated applications of manure (Schepers and

Fox, 1989).
Number of Quantity (metric tons) needed for manure with these percent N

years applied 0.25 10 20 40
1 154 2 7 14

2 79 16 6 14

3 54 13 5 14

4 4 1 5 13

5 33 10 4 13

10 17 7 37 13

15 12 6 33 12

2 9 5 30 1.2

less N to maintain an adequate supply of plant available N (Table 4a-6). Failure
to consider this N carryover could lead to excessive application of N.

Since organic nutrient sources contain val uable nutrients and have soil-condi-
tioning properties, application to land should never be considered disposal. In
cases where organic nutrient sources are disposed of as waste with no regard
givento their N and P content, excessive levels of available nutrients and losses
to surface or ground waters are likely to occur.

Because of their ability to “fix” atmospheric nitrogen, legumes grown in rotation
can represent a significant input of N into the soil of acrop field. Alfalfahas
been reported to fix from 60 to 530 Ib N/ac (pounds of nitrogen per acre);
soybeans may fix from 13 to 275 Ib N/ac. Some of thisfixed N isremoved in
harvest, but some remainsin crop residue or in the soil and is available for
subsequent crops. Table 4a-7 shows representative values for residual N contri-
butions from legume crops. Failure to account for such added N could result in
excessive application of N from other sources.
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Table 4a-7. Representative values for first-year nitrogen credits for previous legume crops.

Crop Nitrogen Credit (Ib N/ac)
Forages
Alfalfaa
>50% 80-120
25-50% 50-80
<25% 0 -40
Red Clover and Trefoil?
>50% 60-90
25-50% 40-60
<25% 0-30
Soybeans 1 Ib N/ac for each bu/ac harvested

up to 40 Ib N/ac

Green Manure Crops (plowed down after growing season of seeding year)

Sweet clover 80-120
Alfalfa 60 - 100
Red clover 50-80

Vegetable Crops (residue not removed)
Peas, snap beans,
lima beans 10-20

2 The percentage of stand of the particular crop.

Sources: Pennsylvania State University. 1997. The Penn State Agronomy Guide, 1997-1998, University Park,
PA. University of Wisconsin-Extension and Wisconsin Dept. of Agriculture, Trade, and Consumer Protection.
1989. Nutrient and Pesticide Best Management Practices for Wisconsin Farms. WDATCP Technical Bulletin
ARM-1, Madison, WI.

Irrigation Water

Irrigation water, if drawn from already nutrient-enriched sources, can supply
significant amounts of N. In the Central Platte River Valley in Nebraska, ground
water used to irrigate corn contributed an average of 41 Ib N/ac, nearly one-third
of the N fertilizer requirement (Scheperset al., 1986). Ground water used to
irrigate potatoes in Wisconsin contributed an average of 51 Ib N/ac, or 25% of
the N added as fertilizer (Saffigha and Keeney, 1977). Table 4a-8 shows guide-
linesfor calculating the N contribution from irrigation water.

Table 4a-8. Calculating N contributions from irrigation water.

Water Application Rate (acre-feet)

N in water (mg/l) 05 10 15 2
Ib N/ac

2 3 5 8 1

4 5 1 16 2

6 8 16 24 32

8 1 13 32 43

10 13 27 40 54

Source: Kansas State University Cooperative Extension System and The National Association
of Wheat Growers Foundation. 1994. Best Management Practices for Wheat. NAWG
Foundation, Washington, D.C.
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Soil Nutrients

Therelease of N, P, K, and micronutrients from soil reserves provides an addi-
tional source of plant-available nutrients. The amount of nutrient release de-
pends on soil moisture, aeration, temperature, pH, and the amount of organic
matter in the soil. The magnitude of this source can be assessed accurately only
through soil testing.

Atmospheric Sources

Finally, atmospheric deposition can significantly contribute nutrients, especially
N, to the soil. Because of the atmospheric linkages of the N cycle and industrial
additions of N to the atmosphere, N loading from atmospheric deposition can be
significant. From 1983-1994, average annual inorganic N deposition over the
Chesapeake Basin ranged from 3.5to 7.7 kg N/ha; average annual NO3+NH4
atmospheric deposition loading rates ranged from 6.7 to 7.8 kg N/ha (Wang et al .,
1997). McMahon and Woodside (1997) cite wet NO3 and NH4 deposition rates
of 9.8 kg N/halyr and 2.8 kg N/halyr, respectively, for the Albemarle-Pamlico
Drainage Basin in North Carolina and Virginia. Examples of atmospheric deposi-
tion rates for various forms of N acrossthe U.S. are givenin Table 4a-9.

Table 4a-9. N loading in atmospheric deposition, NADP/NTN data, 1996.

Location Station NH,-N NO,-N Inorganic N
kg N/halyr

Vermont Mt. Mansfield (VT99) 1.78 2.95 473
North Carolina Mt. Mitchell (NC45) 2.39 2.92 5.31
Florida Quincy (FL14) 1.06 1.60 2.66
Wisconsin Popple River (W109) 1.93 2.16 410
Indiana Purdue Ag Res Ctr (IN41) 3.29 3.64 6.94
Arkansas Fayetteville (AR27) 255 224 4.80
Nebraska North Platte Ag Exp Sta (NE99) 254 1.58 412
California Davis (CA88) 2.18 0.82 3.00
Alaska Poker Creek (AK01) 0.05 0.11 0.16
Hawaiit Mauna Loa (HI00) 0.05 0.05 0.10

all data reported as N

1993

Source: National Atmospheric Deposition Program (NRSP-3)/National Trends Network (June 24, 1998). NADP/

NTN Coord. Office, lllinois State Water Survey, 2204 Griffith Dr., Champaign, IL 61820.

Atmospheric deposition of Pis generally very small. Ahl (1988) cited atmo-
spheric deposition of 0.05-0.5 kg P/halyr in Canada. Annual Ploading ratesto
the Chesapeake Basin have been estimated at 0.16 to 0.47 kg/ha (Wang et al.,
1997). A similar P deposition rate of 0.16 kg/halyr has been measured in the
Lake Champlain basin (VTDEC and NY SDEC, 1997). An estimated annual
load of 0.66 kg P/ha by atmospheric deposition has been cited for the Albemarle-
Pamlico Basin (McMahon and Woodside, 1997).

National Management Measures to Control Nonpoifdsiinsdi aweAg e
Page 37619

449



Chapter 4: Management Measures

Some general
principles govern
nutrient movement.
Site specific crop
history, climate,
soils, watershed, and
farming
characteristics result
in specific local
nutrient pathways
and transformations.

The most comprehensive collection of dataon precipitation chemistry and
atmospheric deposition is available from the National Atmospheric Deposition
Program/National Trends Network (NADP/NTN) at: http://nadp.sws.uiuc.edu/.
Data are available for precipitation chemistry, annual and seasonal wet deposi-
tion totals, isopleth maps of precipitation chemistry and wet deposition, and
other variables for over 200 sitesin the continental U.S., Alaska, Hawaii, Puerto
Rico, and the Virgin Islands. While deposition data from the NADP network
may not be exactly applicable to a specific site due to local factors such as
elevation, air movement, or industrial emissions, NADP data can help provide an
initial screening estimate of the possible significance of atmospheric nutrient
sources. If atmospheric inputs are estimated to be significant, specific local data
can be sought from university or agency research activities.

Nutrient Movement into Surface and Ground Water

Nutrientsin harvested cropstypically represent the largest single component of
nutrient output from agricultural land. Table 4a-10 gives representative values
for annual crop nutrient removal. However, crop uptake of added N and Pis by
no means complete. Overapplication of nutrients relative to crop need resultsin
build-up of N and P surplusin agricultural soils. Nutrient surpluses have been
documented at both the farm scale (Klausner, 1995) and the watershed scale
(McMahon and Woodside, 1997; Cassell et al., 1998). Sail test values show that
soil Pin many areasis excessive, relative to crop requirements; the greatest
concern occurs with animal-based agriculture, where farm and watershed-scale P
surpluses and over-application of Pto soils are common. (Breeuwsmaet a.,
1995; Lander et al., 1998; Sims et al., 2000). Accumulation of Pin cropland
soils may be especially high if the N requirement of the crop is met with animal
waste, adding Pin excess of crop P uptake (Figure 4a-3). The magnitude of
potential loss of nutrients to surface and ground watersis directly related to
accumulation of excessive nutrient levelsin soils.

Table 4a-10. Crop nutrient removal.

Crop Yield N P
Jac —— Ib/ac ——

Com 125bu 9% 2

Corn silage 21t 190 46

Grain sorghum 125bu 65 33
Soybeans 40 bu 130 18
Wheat/rye 60 bu N0 26

Qats 80bu N0 3

Barley 75bu 105 20

Alfalfa 5t 250 33
Orchardgrass 6t 300 44,

Tall fescue 3.5t 135 29

Sugar beets 30t 275 37
Sources: Pennsylvania State University. 1997. The Penn State Agronomy Guide 1997-1998,
University Park, PA; Midwest Plan Service. 1985. Livestock Waste Facilities Handbook. lowa
State University, Ames, IA.
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Figure 4a-3. P added in poultry litter compared with crop requirements

(Sharpley et al., 1994).

AMOUNT OF P (kg P ha'yr")

CROP YIELD © 20 40 60 80 100 120
Mg ha-1 I I I I I

Bormuda 22 Fso
grass
45
Com 12 r
Sorghum 5 F34
Litter P
Crop P
Wheat 3 P 14 requ)Jirement
60 Excess P
]

Amount of P added in poultry litter compared with crop P requirements,
if litter application rates are determined by crop N requirements.

N and P not removed in the harvested crop can become available for transport to
surface and ground waters. The movement of applied nutrientsis primarily
driven by the movement of water and eroded soil, but the specific transport
pathways are largely determined by the characteristics of the nutrient source,

soil characteristics, and related environmental conditions (e.g., soil temperature).

Asnoted in the earlier discussion of nutrient cycles, readily soluble nitrate
moves easily in the liquid phase. Due to its strong affinity for soil particles,
phosphorus usually moves primarily with eroding soil particles. Nitrogen can
volatilize directly from fertilizers such as urea and ammonia and from surface-
applied manure; N lost to the atmosphere in this way may be washed from the
atmosphere by rain a great distance away. Nitrogen can also belost to the
atmosphere as harmless nitrogen gas through denitrification. Other factors
influencing nutrient movement include topography, precipitation patterns, and,
of course, land use and management.

Movement to Surface Waters

Transport of nutrients to surface waters depends on the availability of nutrients
in the upper soil zone, how easily the nutrients and/or associated soil particles
are detached, whether the chemical is transported in the dissolved form or
attached to soil, and any deposition that may occur before delivery to awater-
way. Nutrients are most susceptible to runoff loss while they arein athin (<3
cm) layer at the soil surface where overland flow, chemicals, and soil intermix
during runoff. Once nutrients are below this mixing zone, they are usually less
vulnerable to ordinary runoff losses. Nitrate is an exception, asit can be readily
|eached through the soil.

Nitrogen can be delivered to surface waters through runoff, erosion, and subsur-
face flow. Some N in the form of ammonium can belost by erosion along with
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organic N attached to soil particles. Soluble N can be carried in surface runoff,
but most soluble nitrate is lost vialeaching through the soil. Leached nitrate may
move into surface waters through shallow subsurface flow or be transported to
deeper ground water. Drainage tiles may provide an important short circuit for
delivery of N from shallow subsurface flow to surface waters. Concentrations of
nitrate in tile drain flow are normally higher than levels found in surface runoff.

The majority of phosphoruslost from agricultural land is transported via surface
runoff, mostly in particulate form attached to eroded soil particles. Because Pis
so strongly adsorbed to soil particles, the P level in the soil isacritical factor in
determining loads of P delivered to surface waters (Daniel et al., 1997). In-
creased residual P levelsin the surface soil can lead to increased P loadingsto
surface water, both attached to soil particles and in dissolved form. Soluble P
losses from cropland can also be significant if runoff occurs very soon after
heavy addition of phosphatefertilizer.

Runoff of Dissolved P

Phosphorus can be exported from agricultural land in particulate and dissolved forms. In most
cases, the majority of P loss occurs in surface runoff in particulate form. However, dissolved P
carried in surface runoff or subsurface flow may be a critical consideration because dissolved P
tends to be immediately available to stimulate growth in receiving waters.

B Loss of dissolved P in runoff is often directly related to the P content of surface
soils — linear relationships have been observed between dissolved P concentration
in runoff and P content of surface soils in cropped and grassed watersheds (Daniel
et al., 1997; Pote et al., 1999; Schoumans and Groenendijk, 2000).

B P losses from grassland may be high, particularly because fertilizers and animal
waste are not usually incorporated into the soil. Significant phosphorus export has
been measured in surface runoff and interflow from grazed grassland, with losses
of over 0.5 kg P/ha during major storm events, especially when events closely
followed inorganic fertilizer application (Haygarth and Jarvis, 1997).

B Soluble P losses may be greater from pasturelands than from croplands due to the
presence of animal waste on the land surface, P release from plant decomposition,
and low amounts of suspended sediment to sorb dissolved P (Baker et al., 1978;
Sharpley and Menzel, 1987; Sharpley et al., 1992).

B In the Chesapeake Basin, dissolved P concentrations in storm runoff were higher
from pastureland than from either cropland or forest (Correll et al., 1995).
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Movement to Ground Water

The magnitude of nutrient loss to ground water, especially through leaching,
depends on the availahility of the chemical in the soil profile, the ease with
which the nutrient form is detached from the soil, the rate and path of downward
transport or percolation of water and chemicals, and any possible removal or
deposition of the chemical before it reaches ground water. Nutrients may be
introduced to ground water by direct routes such as abandoned wells, irrigation
wells, sinkholes, or back-siphoning of nutrients when filling tanks. Such path-
ways are especially significant because transport through soil is bypassed,
eliminating any opportunity for adsorption or uptake. Whileit isimportant to
protect al ground water through the proper use of nutrients, in areas where
ground water quality problems are known to exist, special emphasis should be
placed on nutrient management planning and the careful use of nutrients.

Leaching of soluble nutrients to ground water can occur as chemicals are carried
with precipitation or irrigation water moving downward past the root zone to the

ground water table. Over-application of irrigation water can enhance |leaching of Increasing efficiency
nutrients to ground water by carrying dissolved nutrients quickly below the root and reducing

zone. Ponded water in surface depressions due to large runoff events can be a nutrient losses is
significant source of nutrient transport to ground water, as ground water mounds founded upon the
underneath the depression (Zebarth and DeJong, 1989). Summer fallow may development of

have a higher ground water contamination risk than continuous cropping be- sound soil and water
cause of the increased water storage in soil profilesthat may increase deep percola- conservation

tion (Campbell et al., 1984; Bauder et d., 1993). Finaly, idling of cropland either principles.

due to normal rotations or to commodity or conservation programs can in some cases
initially increase nutrient leaching to ground water as nutrients are not taken up by
growing plants and are available for leaching loss (Webster and Goulding, 1995).

Nitrogen in the form of nitrate is normally the nutrient most susceptible to
leaching to groundwater. Nitrate not used by crops or denitrified by soil bacteria,
is subject to leaching. Leaching potential is afunction of soil type, crop, climate,
tillage practices, fertilizer management, and irrigation and drainage manage-
ment. Coarse textured soils pose agreater potential problem than fine textured
soils, and crops with poor nitrogen use efficiencies present agreater hazard. In
some studies, no-till systems have been shown to reduce nitrate leaching over
conventional tillage, aswell as proper crop rotation, especially those including a
nitrogen-fixing crop (Meek et. al, 1995). However, other studies have shown that
conservation tillage increases the infiltration rate of soils (Baker, 1993). Sail
macroporosity and the proportion of rainfall moving through preferential flow
paths often increase with the adoption of conservation tillage, potentially
increasing the transmission of nitrates and other chemicals available in the upper
soil to subsoils and shallow groundwater (Shipitalo et al., 2000). Over-irrigation,
particularly on sandy soils, isaprimary cause of nitrate leaching to groundwater.

Leaching of phosphorus to ground water is generally not a significant problem.
However, organic soils and sandy soils, which lack theiron and aluminum oxides
important for P adsorption, are exceptions; P lossesin leaching from intensive
cropping on such soils can be large. The degree of leaching will vary with soil
structure, geologic conditions, climate, and management practices. Recent reports
document phosphorus leaching in areas of intensive manure application to highly
enriched soils over shallow water tables (Breeuwsmaet al., 1995), or in areas of
artificial drainage or preferential flow through soil macropores (Smard et d., 2000).
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Soil and Water
Conservation
Districts, NRCS, or
Extension offices
can assist growers
with the selection of
nutrient
management
practices.

Nutrient Management Practices and Their Effectiveness

Nutrient Management Principles

There are several fundamental principles that should be applied to managing
nutrients for both crop production and water quality protection. These principles
focus on improving the efficiency of nutrient use and thereby reducing the
potential for nutrient loss to surface or ground waters:

(] Determinerealistic yield goals, preferably on afield-by-field basis

(7] Account for available nutrients from all sources before making
supplemental applications

(7] Synchronize nutrient applications with crop needs; N is needed most
during active crop growth and N applied at other times may be lost

(7] Reduce excessive soil-P levels by balancing P inputs and outputs

Because of the complex cycling and multiple sources of N in the soil-crop
system, careful accounting for all sourcesis often the most critical step in
improving N management. Since the level of Pin the soil isamajor factor
determining the amount of P lost from agricultural land, reducing soil P levels
will ultimately reduce P delivery to surface and ground waters.

Additional practices may be needed to reduce detachment and transport of N and
P and delivery to surface or ground waters. Erosion control practices are particu-
larly critical to reduce losses of P and sediment-bound forms of N. Efficient
water management can reduce leaching of soluble N from irrigated cropland,

and improved irrigation practices can reduce water, sediment, and nutrient
transport in tailwaters. Crop failure due to alack of water leaves nutrientsin the
soil, rendering them vulnerable to leaching or runoff loss.

Nutrient Management Practices

Numerous practices are available to address the above principles. Many of these
are specific to the cropping system, soils, climate, and management activities
associated with particular crops and regions of the country. Readers are encour-
aged to contact their State Land Grant universities, NRCS, cooperative extension
offices, State agriculture departments, or producer organizations for more site
specific practices.

Following are practices, components, and sources of information that should be
considered in the development of a nutrient management plan:

1 Useof soil surveysin determining soil productivity and identifying
environmentally sensitive sites. Aerial photographs or maps and a soil
map should be used. If the agricultural lands lie within a watershed that
has been designated as having impaired surface or ground water quality
associated with nutrients, then nutrient management plans should
include an assessment of the potential for N or P from the agricultural
lands to be contributing to the impairment.

2 Useof producer-documented yield history and other relevant
information to determine realistic crop yield expectations. Appropriate
methods include averaging the three highest yields in five consecutive
crop yearsfor the planning site or other methods based on criteria used
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in developing the State Land Grant University’s nutrient
recommendations. Increased yields due to improved management and/or

the use of new and improved varieties and hybrids should be considered Soil, tissue, and
whenyield goals are set for a specific site. manure testing
3 Application of N and P at recommended rates for redlistic yield goals. provide useful
Through remote sensing and precision farming techniques, yield and information for
fertilization can be optimized. Accurately located (e.g. viaGlobal nutrient
Positioning System, GPS) soil testing can help evaluate soil variability management
between and within fields, and use of on-the-go yield monitors and GPS- planning.

driven variable rate application can match inputsto soil and field
variations and place nutrients where increased yield potential exists.
Limit manure and sludge applications to phosphorus crop needs,
supplying any additional nitrogen needs with nitrogen fertilizers or
legumes.

It may be necessary in some cases to route excess phosphorusin
manures or sludge to fields that will be rotated into legumes, to other
fields that will not receive manure applications the following year, or to
siteswith low runoff and low soil erosion potential.

USDA has developed P application guidelines for situationswhere
animal manure or other agricultural by-products are applied (see Table
4a-11). Producers unabl e to meet the P-based application rate
requirement of the standard initially are encouragedto dosoin a
reasonabl e period of time using progressive planning approaches.

4. Soil testing for pH, phosphorus (Figure 4a-4), potassium, and nitrogen
(Figure 4a-5). Preplant or midseason soil profile nitrate testing (e.g., a
pre-sidedress nitrate test) should be used when appropriate. Sub-soil
sampling for residual nitrate may be needed for irrigated croplands.
Surface layer sampling (0-2 inches) for elevated soil P and soil acidity
may be needed when there is permanent vegetation, non-inversion

Table 4a-11. Allowable P Application Rates for Organic By-products (e.g., manure)

A-NRCS, 1977, revised 1999).
The following guidelines are contained in USDA’s Conservation Practice Standard 590 for Nutrient Management.

For phosphorus, one of the following options should be used to establish acceptable phosphorus application rates
when manure or other organic by-products are applied:

¢ Phosphorus Index (PI) Rating. Nitrogen based manure application on Low or Medium Risk sites,
phosphorus based or no manure application on High and Very High Risk Sites.**

¢ Soil Phosphorus Threshold Values. Nitrogen based manure application on sites on which the soil test
phosphorus levels are below the threshold values. Phosphorus based or no manure application on sites on
which soil phosphorus levels equal or exceed threshold values.**

« Soil Test. Nitrogen based manure application on sites on which there is a soil test recommendation to apply
phosphorus. Phosphorus based or no manure application on sites on which there is no soil test
recommendation to apply phosphorus.**

** Acceptable phosphorus based manure application rates shall be determined as a function of soil test recommendation or
estimated phosphorus removal in harvested plant biomass. Guidance for developing these acceptable rates is found in the
NRCS General Manual, Title 190, Part 402 (Ecological Sciences, Nutrient Management, Policy), and the National Agronomy
Manual, Section 503).
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Figure 4a-4. Example of soil test report (Pennsylvania State University, 1992a).

T
07/31/84 | 0004 700234 SOMERSET 25 NPBUU1 | READINGTON
DATE LAB NO. | SERIAL NO. COUNTY ACRES| FIELD $01L ‘

THE PENNSYLVANIA STATE UNIVERSITY
COLLEGE OF AGRICULTURE
MERKLE LABORATORY ~ SOIL & PFPORAGE TESTING
UNIVERSITY PARK, PA 16802

SOIL TEST REPORT FOR COPY SENT TO:
P.A. PENN ACME FERTILIZER CO.
RD1 MAIN STREET
ANYTOWN, PA 10000 ANYTOWN, PA 10000

6.2
Phosphate (Pz04) 114 1b/A
Potash (X20) 178 1b/A

Magnesium (MgO) 230 1b/A

RECOMMENDATIONS FOR QY. T BRAIN For oter crops iee ST 3 commm 1)
YIELD GOAL 125.0 BUSHELS (PER ACRE) "“'ac"""""'
LIMESTONE: 1b/A Calcium Carbonate Equivalent
3400 3.4
PLANT WUTRIERT SITROGEN (N) PHOSPHATE (P;O4) POTASH (K,0) MAGNESIUM (MgO)
NEEDE} I 130 1b/A 701b/A 90 1b/A 10 1/A 811
MESSAGES:
e USE A STARTER FERTILIZER 8.7

o LIMESTONE RECOMMENDATION, IF ANY, IS TO BRING THE SOIL PM TO 6.0 - 6.S.

MULTIPLY THE EXCHANGABLE ACIDITY BY 1000 TO ESTIMATE THE LIME REQUIREMENT FOR
PH 6.8 - 7.0.

e RECOMMENDED LIMESTONE CONTAINING .2% MGO WILL MEET THE MG REQUIREMENT.

e IF MANURE WILL BE APPLIED. SEE ST-10 “USE OF MANURE" ®

LABORATORY RESULTS
50 4.1 I 0.19 l 0.6 ' 7.3' 12.6 1.5' 4.7 I 61.5
P 1b/h | ACIDITY| K | Wg | ca | Cic x | W | Ca
EXCHANGEABLE CATIONS (meq/100 g) % SATURATION

OTHER TESTS: (peaANIC MATTER - 2.2 %
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Figure 4a-5. Example of Penn State’s soil quicktest form (Pennsylvania State University, 1992a).

PENNSTATE

|_Civ)
@ PRE-SIDEDRESS SOIL NITROGEN TEST FOR CORN
QUICKTEST EVALUATION PROJECT

= SOIL TEST INFORMATION AND REPORT FORM =

GHDWEH(P[E:SE NINI} ‘Mfi:

NAME T

ANALYZED BY: l

TSTREETORR. D.NO. T

TOTY, STA PT I l ] i ]~ l
T ( TE . AND 2 ‘ = TE

T AREACODE T

—

" COUNTY T

Baest time to call (8 am - 4:30 pm):

Please answer all of the following questions about this field:

1. What is the field ID (name or number)? Corn Height in.
2. What is the expected yield of the corn crop (bu/A or torvA) in this field?
3. What was the previous crop?
I this was a forage legume what was the % stand?
(check one):  [_] 0-25% [ 2550 % [ s0-100%
4. Was manure applied to this field? D Yes D No If "yes™ answer the following questions:
When? [ Fau [ spring [ Botn [ paily
Type? ] cattle [ Poutry [Jswine [] Horse  [] Sheep
Estimate manure rate: tonsfacre -OR- ______ gallons/acre

If incorporated how many days were there between spreading and incorporation?
What is the tillage program on this fiekd? [_] Conventional Tilage ~ [] Minimum Tilage  [] No-till

n

6. What would be your normal N fertilizer application rate for this field? Ibs. N/acre
Do not wle bnw {10 be )
Quicktest Analysis Result & Recommendation
Individual Avarage Soll
Meter Readings Average meter Conversion standard Nitrate-N
reading factor reading (ppm)
X 20 + -

Sidedress N Fertilizer
Recommendation Ibs. N/acre

(See table and guidelines on back of form)

If you have any questions about this test contact your Penn State Cooperative Extension Office

White copy- Growaer
Yellow copy- Analyst
Pink copy- Agrenomy Extension s
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10.

12
13

tillage, or when animal manure or other organic by-products are
broadcast or surface-applied.

Plant tissue testing, e.g. chlorophyll testing in corn.
Manure, sludge, mortality compost, and effluent testing.

Quantification of nutrient impacts from irrigation water, atmospheric
deposition, and other important nutrient sources.

Use of proper timing, formulation, and application methods for nutrients
that maximize plant utilization of nutrients and minimize the loss to the
environment. Thisincludes split applications and banding of the
nutrients, use of nitrification inhibitors and slow-rel ease fertilizers, and
incorporation or injection of fertilizers, manures, and other organic
sources. In addition, fall application of N fertilizer on coarse-textured
soils should be avoided. Manure should be applied uniformly in
accordance with crop needs, but surface application to no-till cropland
should be avoided.

Coordination of irrigation water management with nutrient management.
For example, in-field measurement of crop and soil N status during the
growing season can be coupled with high-frequency irrigation to match
N applications with crop needs and reduce N losses (Onken et al., 1995).
Irrigation should also be managed to minimize leaching and runoff.

Use of small grain cover crops or deeply-rooted legumes to scavenge
nutrients remaining in the soil after harvest of the principal crop,
particularly on highly leachable soils. Consideration should be given to
establishing a cover crop on land receiving sludge or animal waste if
thereis ahigh leaching potential. Sludge and animal waste should be
incorporated or subsurface injected.

Use of buffer areas or intensive nutrient management practices to
address concerns on fields where the risk of environmental
contaminationishigh, such as:

(] Karst topographic areas containing sinkholes and shallow soils over
fractured bedrock,

(7] Subsurfacedrains (e.g., drainftile),

1 Lands near surface water,

(7] Highleaching index sails,

(7] Irrigated land in humid regions,

(7] Highly erodible soils,

(] Lands proneto surface loss of nutrients, and
(7] Shallow aquifersand drinking water supplies.

For example, nitrification inhibitors may be needed when conditions
promote leaching, and banding or ridge application may render
applied N or P less susceptible to leaching. Manure should not be
applied to frozen or saturated soils, to shallow soils over fractured
bedrock, or to excessively drained soils.

Use of soil erosion control practices to minimize runoff and soil loss.
Calibrate nutrient application equipment regularly.
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14. A narrative accounting of the nutrient management plan that explains the
plan and itsuse.

The best means for implementing and coordinating many of the above activities
isthrough a comprehensive, site-specific nutrient management plan. Nutrient
management plans should be reviewed annually to determine if modifications
are needed for the next crop, and athorough review of the plan should be done
at least once every 5 years or once per crop rotation period. Application equip-
ment should be calibrated and inspected for wear and damage periodically and
repaired when necessary. Records of nutrient use and sources should be main-
tained along with other management records for each field. Thisinformation
will be useful when it is necessary to update or modify the management plan.

A list of the required nutrient management plan elements for confined animal
operations in the Pequea-Mill Creek (PA) National Monitoring Program project
is shown Table 4a-12. Table 4a-13 shows a set of nutrient recommendations
from a Vermont Crop Management Association. Table 4a-14 shows two sum-
mary tablesfrom asample plan.

Practice Effectiveness

Following is asummary of information regarding pollution reductions that can
be expected from installation of nutrient management practices.

(] The State of Maryland estimates that average reductions of 34 pounds of
nitrogen and 41 pounds of P205 applied per acre can be achieved
through the implementation of nutrient management plans (Maryland
Department of Agriculture, 1990). These average reductions may be
high because they apply mostly to farmsthat use animal wastes; average
reductions for farms that use only commercial fertilizer may be lower.

(] Asof July 1990, the Chesapeake Bay drainage basin states of
Pennsylvania, Maryland, and Virginia had reported that approximately
114,300 acres (1.4% of eligible cropland in the basin) had nutrient
management plansin place (EPA, 19914). The average nutrient reductions
of TN and TPwere 31.5 and 37.5 pounds per acre, respectively. The States
initially focused nutrient management efforts on animal waste utilization.
Because initial planning was focused on animal wastes (which have a
relatively high total nitrogen and phosphorus |oading factor), estimates of
nutrient reductions attributed to nutrient management may decrease as
more cropland using only commercial fertilizer isenrolled in the program.

(] Inlowa, average corn yields remained constant while nitrogen use
dropped from 145 pounds per acre in 1985 to less than 130 pounds per
acrein 1989 and 1990 as aresult of improved nutrient management. In
addition, data supplied from nitrate soil testsindicated that at least 32%
of the soils sampled did not need additional nitrogen for optimal yields
(lowa State University, 1991b).

(7] Datafrom the 66,640-acre Big Spring ground water basinin
northeastern lowaindicate that reduced application of nitrogen fertilizer
associated with the 1983 payment-in-kind set-aside program resulted in
reduced nitrate levelsin ground water two years later (Hallberg et a.,
1993). Based upon this analysis, it is postul ated that water quality
improvements at the watershed level will be definable over timein
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Table4a-12. Required nutrient management plan elements for confined animal operations in the Pequea-Mill Creek

National Monitoring Program project, Pennsylvania.

A. Farm Identification

including location, receiving waters, size of operation, and farm maps of fields, soils, and slopes
B. Summary of Plan

Manure summary, including annual manure generation, use, and export

Nutrient application rates by field or crop

Summary of excess manure utilization procedures

Implementation schedule

Manure management and stormwater BMPs

C. Nutrient Application
Inventory of nutrient sources
Animal populations
Acreage and expected crop yields for each crop group
Nutrients necessary to meet expected crop yields
Nutrient content of manure
Nitrogen available from manure
Residual N from legumes and past manure applications
Planned manure application rate
Target spreading rates for manure application
Nitrogen balance calculation
Winter manure spreading procedures (if applicable)

D. Alternative Manure Use

Amount, destination, and use of manure exported to other landowners, brokers, markets, or used in other than
agricultural application

E. Barnyard Management
F. Storm Water Runoff Control

Source: Penn State Cooperative Extension. 1997. Pequea-Mill Creek Information Series. Smoketown, PA.

Table 4a-13. Missisquoi Crop Management Association 1997 nutrient recommendations.

Manure
Field Applied Recom.  Loads After Manure & Fertilizer
Crop Name Acres InFall Manure  /Field Recommended Fertilizer —Remaining Need— Lime
Rate  3375gal Ib/A N P05 K0 Micronutrients N Po05 Ko0 Mg Need
Corn # 97 9742 0 0 15 10 20 20  with 1.33% Zinc 47 0 0 0
or 3737 11 150 0 2 2 with 1.33% Zinc 0 0 0 0
#9A 11.3 2000 5226 17 150 10 20 20 with 1.33% Zinc 0 0 0 0
#11 200 5625 8798 52 20 10 20 20 with0.8% Zinc 0 0 0 0 20
Alfalfa
New
Seeding Spooner 3 43 3333 NONE 0 0 0 0 20
or0 30 5 10 30 with0.6% Boron 0 0 0 0 20
Grass
1stCut  #1 10.0 4135 12 NONE 0 0 % 0 1.0
or 0 200 28 0 30 0 0 40 0
#3 108 7986 0 NONE 6 0 0 0
Grass
2ndCut  #1 10.0 0 200 23 0 30 0 0 0 0
#3 108 3755 12 NONE 0 0 0 0
4-60 NAsbmingidrativedremesdures to Control Nonpoint Pollution from Agriculture

Page 37630



Chapter 4A: Nutrient Management

Table 4a-14.  Plan Summary from a Sample Plan (Pennsylvania State University Cooperative Extension, 1997).

Manure Summary Table

Generated Exported
Manure Source on the Farm Used on the Farm from the Farm
liquid dairy 523,000 gal 523,000 gal Ogal
uncollected solid dairy 263 tons 263 tons Otons
collected solid dairy 175tons 175tons Otons
solid poultry 1,860 tons Otons 1,860 tons

Nutrient Application Rates by Crop Group

Starter Fertilizer Planned When Additional Chemical
Nutrients Manure Manure Fertilizer Nutrients
(Ibs per acre) Application Applied Applied
Crop Group Acres N PO K,0 Rate/ac. (incorp.time) N P,0, K,0
Corn, grain spring
(liquid manure) 32 10 20 10 9,000 gal (2-4 days) 0 0 0
Corn, grain fall
(liquid manure) 18 10 20 10 9,000 gal (2-4 days) 50 0 0
Corn, silage fall
(liquid manure) 12 20 20 10 6,000 gal (2-4 days) 0 0 0
Corn, silage fall/spring
(solid manure) 9 20 20 10 20 tons (2-4 days) 0 0 20
Alfalfa (new) 21 10 2 10 0 - 0 40 230
Alfalfa 53 0 0 0 0 - 0 120 200

— All numbers rounded off recognizing the built-in variation in figures used.

— Manure application is restricted in the following areas:
a) within 100 feet of the farm well (field A-13) and the neighbor’s well (field A-7), where surface flow is towards the well
(unless the manure is incorporated within 24 hours of application, in which case manure application rates and
supplemental fertilizer needs may need to be adjusted)
b) within 100 feet of Little Fishing Creek when the ground is frozen, snow-covered, or saturated (fields A-2 and A-3)
¢) within the grassed waterway when the ground is frozen, snow-covered, or saturated (fields A-1 and A-2)

responsive ground water systemsif significant changesin nitrogen
application are accomplished across the watershed.

(] Inapilot program in Butler County, lowa, 48 farms managing 25,000
acres reduced fertilizer nitrogen use by 240,000 pounds by setting
realistic yield goals based on soils, giving appropriate crop rotation and
manure credits, and some use of the pre-sidedress soil nitrate test
(Hallberg et al., 1991). Other data from lowa showed that in some areas
fields had enough potassium and phosphorus to last for at |east another
decade (lowa State University, 1991b).

(J In Garvin Brook, Minnesota, fertilizer management on corn resulted in
nitrogen savings of 29 to 49 pounds per acre from 1985 to 1988 (Wall et
al., 1989). In this Rural Clean Water Program (RCWP) project, fertilizer
management consisted of split applications and rates based upon
previous yields, manure application, previous crops, and soil test results.
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(7] Baker (1993) concluded that the downward trendsin total and soluble

phosphorus loads from Lake Erie tributaries for the period from the late
1970sto 1993 indicate that agricultural controls have been effectivein
reducing soluble phosphorus export. Tributary nitrate concentrations
increased, however, possibly due to adoption of conservation tillage,
which enhances water percolation into the soil, and the extensive use of
tile drainage systems in the watersheds.

Berry and Hargett (1984) showed a 40% reduction in statewide nitrogen
use over 8 years following introduction of improved fertilizer
recommendationsin Pennsylvania. Findings from the RCWP projectin
Pennsylvaniaindicated that, for 340 nutrient management plans, overall
recommended reductions (corn, hay, and other crops) were 27% for
nitrogen, 14% for phosphorus, and 12% for potash (USDA-ASCS,
19924). Producers achieved 79% of the recommended nitrogen
reductions and 45% of the recommended phosphorus reductions. In the
same project area, Hall (1992) documented 8 to 32% decreasesin
median nitrate concentrations in ground water samples following
decreases of 39-67% in N application rates under nutrient management.

Base flow concentrations of dissolved nitrate-nitrite from a 909-acre
subwatershed under nutrient management decreased slightly relativeto a
915-acre paired subwatershed in the Little Conestoga Creek watershed in
Pennsylvania, suggesting that nutrient management had a positive impact
onwater quality (Koerkleet al., 1996). Nutrient applicationsin the 909-
acre treated subwatershed (study site) decreased in the period 1986-1989
by about 30% versus the period 1984-1986 (pre-implementation) as 85%
of the land was placed under nutrient management. L ess than 10% of the
land was under nutrient management in the 915-acre untreated
subwatershed (control site). The study was extended for two yearsto
improve upon the findings, but implementation at the control site resulted
in nutrient management on 40% of agricultural land, while
implementation for the study site stood at 90% (K oerkle and Gustafson-
Minnich, 1997). Nitrogen applications for the period 1989-1991 were
about 7% less than for the period 1984-1986 at the study site, amuch
smaller decrease than the 30% decrease reported for the period 1986-
1989. Nutrient application datawere not available for the control site.
Thelack of statistically significant reductions in dissolved nitrate-nitrite
for the period 1989-1991 versus 1984-1986 is interpreted as an indication
that areduction in nitrogen input of 30% (as achieved in 1986-1989) is
needed to cause a0.5 mg/L decrease in dissolved nitrate-nitrite.

A related study in the Conestoga River headwaters, Pennsylvania,
showed that nutrient management caused statistically significant
decreases in nitrate concentrationsin ground water (Hall et al., 1997).
Changes in nitrogen applications to the contributing areas of five wells
were correl ated with nitrate concentrationsin the well water on a55-acre
crop and livestock farmin carbonate terrain. Lietman et d. (1997) showed
that terracing decreased suspended-sediment yield as afunction of runoff,
but also increased nitrate-nitrite yieldsin runoff, and increased nitrate
concentrations in ground water at 4 of the wells on a23.1-acre site.

A 6-year study in the 403-acre Brush Run Creek watershed in
Pennsylvania showed that monthly and annual base flow loads of total
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nitrogen, dissolved nitrite-nitrate, total ammonia plus organic nitrogen,
and total and dissolved phosphorus and orthophosphorus decreased
during the 3-year period when nutrient management was implemented
(Langland and Fishel, 1996). However, stormflow discharges of total
nitrogen and total phosphorus increased by 14 and 44%, respectively,
while nitrogen and phosphorus applications were reduced by 25 and
61%. Fewer storms were sampled during two of the three years under
nutrient management due to a significant decrease in precipitation
during the growing seasons. Maximum total nitrogen concentrations
were 21 mg/L above the tile drains before nutrient management, and
2,400 mg/L in thetile drains before nutrient management (Langland and
Fishel, 1996). Median concentrations of total nitrogen and dissolved
nitrite-nitrate were reduced from 3.3 and 1.2 mg/L, respectively, to 2.5
and 0.90 mg/L when nutrient management was applied above thetile
drains. Nutrient management in thistile-drained watershed resulted in a
14% decrease in nitrogen and 57% decrease in phosphorus applied as
commercial and manurefertilizer.

(] InVermont, research suggested that a newly introduced, late spring soil
test resulted in about a 50% reduction in the nitrogen recommendation
compared to conventional technologies (Magdoff et al., 1984). Research
in New York and other areas of the nation documented fertilizer use
reductions of 30 to 50% for late spring versus preplant and fall
applications, with yields comparable to those of the preplant and fall
applications (Bouldinet al., 1971).

(7] Improved nutrient management on a case-study group of 8 United States
Department of Agriculture (USDA) Demonstration Projects (DP) and 8
Hydrologic Unit Area (HUA) Projects resulted in reported nitrogen
application reductions ranging from 14 to 129 Ib/ac and phosphorus

Table 4a-15. Reported changes in average annual nutrient application rates on land with practice adoption in

19 USDA Demonstration and Hydrologic Unit Area Projects, 1991-1995.

Nitrogen Reductions Phosphorus Reductions
Project Purposet (Ib/ac) (Ib/ac)
ALHUA N, P 129 106
IN HUA N, P 21 30
MIHUA N,P vy 18
NY HUA N,P 14 21
UT HUA P — 0
DE HUA N, P 118 %
ILHUA N, P 117 36
ORHUA N 52 —
MD DP N, P 43 42
NC DP N,P 72 n/a
WIDP N, P 78 18
FLDP N, P 14 3
MN DP N,P 30 21
NE DP N 21 —
TXDP N, P 21 18
CADP N,P 47 1

1 Nutrients to be controlled as project objective: N=nitrogen, P=phosphorus
—- = data not applicable
n/a = data not available

Source: Meals, D.W., J.D. Sutton, and R.H. Griggs. 1996. Assessment of Progress of Selected Water Quality Projects of
USDA and State Cooperators. USDA-NRCS, Washington, D.C.
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Effective nutrient
management will not
transfer problems
from surface to
ground water, or vice
versa.

application reductions of 0 to 106 |b/ac (Table 4a-15). The case study
group included both animal and crop agriculture and both irrigated and
non-irrigated cropland.

Additional results from evaluations of practice effectiveness may exist for
specific practicesin particular regions. Potential sources of such documentation
include the USDA MSEA/ADEQ (Management Systems Evaluation Areas/
Agricultural Systemsfor Environmental Quality) Programs (http://
www.nps.ars.usda.gov/) and the US EPA Section 319 National Monitoring
Program (http://h2osparc.wqg.ncsu.edu/319index.html).

A summary of the literature findings regarding the effectiveness of nutrient
management in controlling nitrogen and phosphorusis given in Table 4a-16.

Table 4a-16. Relative effectiveness?® of nutrient management (Pennsylvania State

University, 1992b).

Percent Change in Total Percent Change in Total
Practice Phosphorus Loads Nitrogen Loads
Nutrient Management? -35 -15

a Most observations from reported computer modeling studies
b An agronomic practice related to source management; actual change in contaminant load
to surface and ground water is highly variable.

Factors in Selection of Management Practices

The movement of available nutrients to surface and/or ground waters
depends on the properties of the nutrientsinvolved, climate, soil and geologic
characteristics, and land management practices such as crops grown, fertilizer
applications, erosion control, and irrigation water management. These factors
determine which specific strategies and practices should be selected to reduce
nutrient movement in a given situation. Land management practices such as
selection of fertilizer formulation or rate and method of application can be
controlled, while environmental factors such as climate cannot. Other factors,
such as crop selection and farming equipment, are governed to varying degrees
by economic considerations and may therefore limit nutrient management
optionsin some cases.

Care should be taken that practices to control surface runoff do not increase the
risk of ground water contamination, and vice versa. In general, practices that
increase the efficiency of nutrient use and thereby reduce availability of nutri-
entsfor loss are thefirst line of defense in nutrient management. Control of
detachment and transport of nutrientsin the particulate phase and of runoff and
leaching of soluble forms may be achieved with other practices or management
measures, including erosion and sediment control and irrigation water manage-
ment.

The characteristics of the agricultural operation are critical considerationsin
selection of appropriate practices for nutrient management. Specific nutrient
management practices will differ markedly, for example, between alarge grain
farm, where al nutrients are supplied by purchased fertilizer and can be applied
by precision farming methods, and a small dairy farm, where nutrients are
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supplied by animal waste, legumes, and purchased fertilizer, and exact nutrient
balanceis difficult to achieve. The equipment and facilities available to the
producer, such as manure or fertilizer application equipment and the type of
waste storage system influence both the form of the nutrients and the producer’s
ability to efficiently manage the nutrients.

Climatic and other environmental conditions such as soils and geology are key
determinants in the selection of practices. For example, the need for irrigation to
grow crops in the Columbia Basin of Washington places a premium on careful
scheduling of fertigation to protect ground water below sandy soils (Annandale
and Mulla, 1995), whereas the yield variability in midwestern claypan soils
makes “on-the-go” changesin fertilizer application rates essential to maximizing
the efficiency of N uptake (Kitchen et al., 1995). In addition, local environmen-
tal factors, such asthe presence of sensitive or protected waterbodies, may
require additional practices such as buffer strips or vegetative filter stripsto
reduce delivery of nutrientslost from agricultural land.

Local and regional agricultural economies and land use mix can also be impor-
tant factors in selecting nutrient management practices. In livestock agriculture,
the available land base with respect to animal populations may limit the poten-
tial for full use of manure nutrients on farm land and require efforts to export
manure from an areain order to follow a nutrient management plan. Proximity
to residential and urban centers can offer opportunities for exporting manure
nutrients, but may also limit some forms of nutrient management due to odor
problems or other perceived nuisances.

Finally, arange of issues such as the availability of soil, manure, and plant
testing services; the availability of nutrient management consultants; the oppor-
tunity for producer training; the availability of rental equipment for specialized
operations; and State, Tribal, and local laws and regulations may all affect the
selection of best management practices for any given location.

Cost and Savings of Practices

Costs

In general, most of the costs documented for this management measure are
associated with technical assistance to landowners to develop nutrient manage-
ment plans. Some costs are al so involved in ongoing nutr