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EXPLANATION

Probability of nitrate greater
than 5 milligrams per liter
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Topics

Denver et al., 2004

Nitrate concentrations in shallow groundwater
(Agricultural areas)

Total nitrogen in streams, 1993-2001
(Agricultural areas)

Mean annual concentration,
in milligrams per liter
e Less than 0.6
06to3
® Greaterthan 3

Nitrogen input,
in pounds per acre
Less than 6

6to25
Greater than 25

[From Denver and others, 2004.]

Total phosphorus in streams, 1993-2001
(Agricultural areas)
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/—Delmarva >
Peninsula

Mean annual concentration,
in milligrams per liter

® Less than 0.05 in pounds per acre
0.05t0 0.3 Less than 2

® Greaterthan 0.3 2t0b
Greater than b

Phosphorus input,

*  Why are nutrient concentrations elevated in streams and (for
nitrogen) groundwater on the Eastern Shore?
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Choptank River near Greensboro, MD
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Yield decreased Yield increased

EXPLANATION
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Phosphorus

—

in milligrams per liter as N

Orthophosphorus

Suspended
sediment

[From U.S. Geolog Average change in flow-adjusted yield in the Choptank River
near Greenshoro, Maryland, in percent per year

zT0ozZ "D 12 J2KOY\

[From Moyer and others, 2012.]

Why are nutrient concentration in streams and (for nitrogen)
groundwater increasing?
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Topics

* How long might it take to
realize full water-quality
benefits from management
practices?

....or short-term intermediate
benefits?

* What are the implications
for the design of
management practices to
reduce nitrogen and
phosphorus?
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Outline

* Sources of nitrogen and phosphorus to the landscape

* Movement of nitrogen and phosphorus from upland \\
source areas to groundwater and streams -

* Explaining trends in groundwater and stream/

* Response times and management implications
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Outline

* Sources of nitrogen and phosphorus to the landscape \

* Movement of nitrogen and phosphorus from upland

source areas to groundwaterand streams

* Explaining trends in groundwater and strean’

* Response times and management implication
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Sources

* Agriculture has been
the dominant land use
on the Eastern Shore
for several centuries.

* Only 3 percent of the
Eastern Shore is
urban.
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Sources

INPUTS, IN THOUSAND KILOGRAMS PER YEAR

Source of nitrogen (PERCENT OF TOTAL)

and phosphorus to the

Eastern Shore S
landscape are . .
' / 82 (1%)
dominantly (greater 1,850 (2%)
28,300 8,320
than 9o percent) (37%) e

agricultural.

NITROGEN PHOSPHORUS

SOURCE

- Fertilizer applications or (for nitrogen) direct fixation from
the atmosphere by crops (Wieczorek and LaMotte, 2010b).

- Manure (Wieczorek and LaMotte, 2010c).

Atmospheric deposition (Wieczorek and LaMotte, 2010d).

- Other, including point sources (U.S. Environmental Protection
Agency, 2009) and septic systems (Maizel and others, 1997).
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Sources

Nitrogen

Eastern Shore
- Rest of Chesapeake Bay watershed

Phosphorus

20

20 30 40 50

Mean annual watershed inputs, in kilograms per hectare
(pounds per acre)
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Inputs* of nitrogen and phosphorus to *inputs from:
the Eastern Shore are more intensive, - Fertilizerand manure

) - Direct fixation by crops
on average, than to the remainder of . Undiffereni BT
the Chesapeake Bay watershed. - Atmospheric

- Point sources
- Mineral sources
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S O U rce S NITROGEN
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* Fertilizer applications
of nitrogen and
phosphorus increased
substantially from the
1940s through the

Millions of broilers sold
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[Broiler data are from U.S. Department of Agriculture, 2009. Estimates prior to 1950 are for total
d e C re a Se d . chickens or broilers raised. Fertilizer inputs are from Alexander and Smith, 1990, Battaglin and

Goolshy, 1995, and Mid-Atlantic Water Program, 2012.]

* Poultry production
has increased by more
than 100x since the
early 20" century.
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Sources

Positive values indicate nitrogen or phosphorus inputs
in fertilizer and manure exceed removal in crops

EXPLANATION

Area of Delmarva
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,At zero, nutrient inputs to cropland exactly
/equal nutrients removed in crops.
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Inputs of nitrogen and phosphorus to cropland have
generally exceeded removal in crops for several decades.
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Summary of Sources

Positive values indicate nitrogen or phosphorus inputs
in fertilizer and manure exceed removal in crops 3
Ll

* Nitrogen and phosphorus
sources to the Eastern
Shore landscape are
dominantly (greater than
90 percent) agricultural.
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EXPLANATION Nitrogen ¥
Area of Delmarva §od
Peninsula P
= == Delaware
Maryland
Virginia

* Inputs are more intensive, Phosphorus
on average, than in the
remainder of the
Chesapeake Bay
watershed.

wrier
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in kilograms per hectare (pounds per acre)
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* Applications of nitrogen
and phosphorus to
cropland have generally
exceeded removal in crops
in recent decades.
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Outline

* Sources of nitrogen and phosphorus to the landscape ‘-~\

* Movement of nitrogen and phosphorus from upland

source areas to groundwater and streams ’,—.

* Explaining trends in groundwater and strean/

* Response times and management implication
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Fate and Transport

Chesterville Branch near Crumpton, Maryland

in milligrams per liter

EXPLANATION
¢ Suspended sediment
¢ Phosphorus
* Nitrate (as Nitrogen)

Nitrate concentration, in milligrams per liter
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Streamflow, in cubic feet per second

[From Ator, Denver, and Brayton, 2005.]

*  Water is the dominant mechanism for nitrogen and phosphorus
transport from uplands to streams.

* Changes in stream chemistry with increasing flow reflect different
dominant processes transporting nitrogen and phosphorus.
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Fate and Transport

NON-POINT SOURCES

~ % Nitrogen
Phosphorus ™—

OVERLAND RUNOFF (Days )
OVERLAND RUNOFF

(Years or decades)

ACCUMULATION IN
Estuary ==~ ' SOIL (Decades)

Submarine
groundwater GROUNDWATER FLOW (Years) GROUNDWATER FLOW (Decades)

discharge SURFICIAL AQUIFER

* Nitrogen transport to streams occurs primarily through groundwater in
the form of nitrate (NO,).

*  Phosphorus transport to streams occurs primarily over the land surface.
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Fate and Transport

Nitrate moves with
groundwater to ditches

75th
percentile

Median ation

25th
percentile
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. Dissolved oxygen,
Phillips and Donnelly, 2003; Ator et al., 2005; in milligrams per liter

Denveret al., 2010; McCoy et al., 2010 [From Debrewer and others, 2007.]

* Nitrate can be lost from soils and groundwater to the atmosphere
through denitrification.

 Denitrification is most common in areas with abundant organic
matter and little dissolved oxygen.
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Fate and Transport

Much of the
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Fate and Transport

of total N
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» 70% of the nitrogen load in Eastern Shore streams

travels from uplands to streams through groundwater.
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Land Cover, 2001
(adapted from
Homer et al., 2004)
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Fate and Transport

* Groundwater ages in
the surficial aquifer
range from 1 to more

than 5o years with a ChapeR Deterrs Bay
median of between 20 Chesspeaton
and 30 years (Sanford - S5y I pi
et al., 2012).
Age of groundwater,
* Several decades may be in years
required for nitrate % e e
transport through ] 250
groundwater to [ creater than 50
streams. Chester

Choptank

* Phosphorus transport [
over the |and Surface |S Pocomoke
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Percent of area

20



= USGS

science for a changing world

Summary of Fate and Transport

* Nitrogen moves from upland
application areas to streams primarily
through groundwater in the form of
nitrate.

* Nitrate can be lost to denitrificationin /-
some areas, but much of the / ,
landscape in the Eastern Shore is not
conducive to denitrification.

* Phosphorus moves primarily from
uplands to stream channels over the
land surface.

* Several decades are commonly
required to complete travel along
groundwater flow paths; phosphorus
transport over the land surface is
Intermittent.
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Outline

* Sources of nitrogen and phosphorus to the landscape \

* Movement of nitrogen and phosphorus from upland

source areas to groundwaterand streams

* Explaining trends in groundwater and strean’

* Response times and management implication
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Nitrogen Trends

* Because of the time
required for
groundwater flow,
Increasing nitrate in
groundwater reflects
increasing applications
in the past.

* Increasing nitrogen in
the Choptank River
reflects continued
Increasing nitrate in
groundwater
contributions (Hirsch
et al., 2010).

Fertilizer applications, in millions of kilograms

90th
percentile

median

percentile

NITRATE, IN MILLIGRAMS
PERLITERAS N

NITROGEN

[=1]
o

(%3]
o

Millions of broilers sold

Recharge

Periods

Ok H0
1910 1930 1950 1970 1990 2010

Year

[Broiler data are from U.S. Department of Agriculture, 2009. Estimates prior to 1950 are for total
chickens or broilers raised. Fertilizer inputs are from Alexander and Smith, 1990, Battaglin and
Goolshy, 1995, and Mid-Atlantic Water Program, 2012.]
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Phosphorus Trends

Nitrogen

* Increasing phosphorus
coincident with decreasing
suspended sediment in the
Choptank River suggests
(possibly): siiment

Nitrate
Phosphorus

Orthophosphorus

Greater phosphorus on
sediment grains (on average)

-4

Yield decreased Yield increased

EXPLANATION
Il 1985-2010

[] 20012010

-3 -2 -1 0 1 2 3
Average change in flow-adjusted yield in the Choptank River
near Greenshoro, Maryland, in percent per year

[From Moyer and others, 2012.]
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Summary of Current Status EENEEEEE

flow-weighted
concentration,

: in milligrams per liter
* Historical nitrogen and phosphorus B T —

applications to cropland have g s
exceeded crop uptake.

* Landscape conditions (especially
hydrogeology) on the Eastern Shore
promote:

the stability and movement of nitrogen
into groundwater as nitrate

slow drainage from the landscape

* Consequently, nitrogen and
phosphorus have accumulated in the
environment and are increasing in
streams:

nitrogen as nitrate in groundwater
phosphorus in soils
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Outline

* Sources of nitrogen and phosphorus to the landscape \

* Movement of nitrogen and phosphorus from upland

source areas to groundwaterand streams

* Explaining trends in groundwater and strean’

* Response times and management implication
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Response Times and Management

Implications

Limiting infiltration of

nitrate to the water table

could reduce nitrate
relatively quickly in
shallow groundwater.

Cover crops
Precision applications
Increasing denitrification

Practices intended to
limit runoff and erosion
may promote the
movement of nitrate to
groundwater.
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Nitrogen load to the bay,
in thousands of metric tons per year

in milligrams per liter as N
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Response Times and Management

Implications

Decades will be required
before significant
reductions of loads to
the bay are realized.

Nitrate concentration,
in milligrams per liter as N

A 13 percent reduction in
nitrogen load to
groundwater will be
required to maintain loads
to the bay at 2012 levels

Even a 40 percent reduction
in loads to groundwater will
not cause a 25 percent
reduction in loads to the bay
until at least 2050.

Nitrogen load to the bay,
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Response Times and Management
Implications

* Erosion control to retain
sediment and associated
phosphorus on the land surface
can reduce transport to
streams, but may increase
dissolved phosphorus transport
(Staver and Brinsfield, 2001;
2010; Sharpley et al., 2002).

* Phosphorus applications that
are smaller than crop removal
at harvest may decrease soil
phosphorus relatively quickly.

* Several years or decades may
be required before effects are
fully realized in streams.
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Summary

* The Eastern Shore contributes
disproportionately large loads of
nitrogen and phosphorus to
Chesapeake Bay.

* Nutrient loads from the Eastern Shore
to the bay continue to increase due to
a long history of applications in excess
of crop needs and resulting storage of
nitrogen in groundwater and
phosphorus in soils.

* Evenif current management practices
are effective at limiting nutrients on
the landscape or movement to water
resources, decades will be required
before full reductions are realized in
loads to the bay.
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