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(NH4-N) was retained in the canopy and the forest
floor, the NO3-N fluxes were very dynamic in space
as well as in time. There was a clear decoupling
between NO3-N input and output fluxes. Atmo-
spheric N input was greatest in the growing sea-
son while largest NO3-N losses typically occurred
in the dormant season. Also, as water passed
through the various catchment compartments, the
NO3-N flux declined below the canopy, increased
in the upper soil due to internal N mineralization
and nitrification, and declined again deeper in the
mineral soil due to plant uptake and microbial pro-
cessing. Temperature control on N production and
hydrologic control on NO3-N leaching during the
growing season likely caused the observed inter-
annual variation in fall peak NO3-N concentrations
and N discharge rates in the stream.
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High-elevation red spruce [Picea rubens Sarg.]-
Fraser fir [Abies fraseri (Pursh.) Poir] forests in
the Southern Appalachians currently receive large
nitrogen (N) inputs via atmospheric deposition
(30 kg N ha–1 year–1) but have limited N retention
capacity due to a combination of stand age, heavy
fir mortality caused by exotic insect infestations,
and numerous gaps caused by windfalls and ice
storms. This study examined the magnitude and
timing of the N fluxes into, through, and out of a
small, first-order catchment in the Great Smoky
Mountains National Park. It also examined the role
of climatic conditions in causing interannual varia-
tions in the N output signal.

About half of the atmospheric N input was ex-
ported annually in the streamwater, primarily as
nitrate (NO3-N). While most incoming ammonium
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TABLE 1
Average Annual Inorganic N Input and Output Fluxes at the NDW

(average ± standard deviation) from April 1993 through March 1997

Input (kg ha–1 year–1) Output (kg ha–1 year–1)

Inorg. N 32.2 ± 6.61 (29.4 ± 5.5)† 15.0 ± 1.84 (15.1 ± 1.62)§

Speciation Total Dry Wet Fog

NH4-N 11.6 (10.6) 2.0 (1.8) 3.6 (3.3) 6.0 (5.5) 0.2 ± 0.1 (0.2 ± 0.11)

NO3-N 20.6 (18.8) 12.5 (11.4) 3.8 (3.5) 4.3 (4.0) 14.8 ± 1.75 (14.9 ± 1.56)

† Italiced N inputs represent averages for all input data available for periods April 1986 – March
1989 and April 1992 – March 1997.

§ Italiced N outputs represent averages for all output data available for period April 1992 – March
1998.
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TABLE 2
Average Annual Inorganic N Fluxes at Different Levels

in the NDW (average, standard deviation and
coefficient of variation) from April 1993 through March 1997

NH4-N (kg ha–1 year–1)

Watershed Level Average Std. Dev. CV (%) N Release Index†

Above Canopy 11.6 (10.6)§ a‡ 2.38 (2.40) 20 (23)

Below canopy 3.4 (3.0) ab 0.65 (0.93) 19 (30) 0.29 (0.29)

Below forest floor 0.6 (0.7) ab 0.14 (0.30) 24 (45) 0.17 (0.22)

Soil – 10 cm 0.2 (0.2) b 0.17 (0.14) 77 (61) 0.38 (0.35)

Soil – 40cm 0.2 (0.3) b 0.24 (0.25) 121  (93) 0.89 (1.18)

Stream 0.2 (0.2) b 0.11 (0.11) 46 (58) 1.20 (0.70)

NO3-N (kg ha-1 year-1)a

Watershed Level Average Std. Dev. CV (%) N Release Index†

Above canopy 20.6 (18.8) ab 4.23 (3.43) 20 (18)

Below canopy 14.9 (13.3) b 2.42 (4.07) 16 (31) 0.72 (0.71)

Below forest floor 36.8 (33.3) a 17.66 (14.14) 48 (42) 2.47 (2.50)

Soil – 10 cm 19.7 (17.4) ab 2.48 (3.94) 13 (23) 0.54 (0.52)

Soil – 40 cm 23.3 (20.7) ab 4.53 (4.66) 19 (22) 1.18 (1.19)

Stream 14.8 (14.9) b 1.75 (1.56) 12 (10) 0.63 (0.72)

† N Release Index from each watershed component is calculated as Noutput /Ninput, with
Noutput = flux at a given level in the watershed; Ninput = flux at previous level in the watershed.

§ Italicized values represent averages calculated from all available data. For the various
fluxes the periods are: above and below canopy solutions (1986–1988, 1992–1996); soil
solutions below the forest floor and at 10- and 40-cm soil depth (1986–1989, 1993–1996);
streamwater (1992–1997).

‡ Averages followed by different letters indicate statistical difference between level (p < 0.05;
Tukey Test) based on data from the 1993–1996 water years.
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TABLE 3
Conceptual Model of Temperature and Moisture Control on the

Production and Transport of NO3-N in the NDW

Temperature Conditions Moisture Conditions

WARM DRY WET

Streamwater N signal HIGH NO3-N Intermediate NO3-N

Internal N production High Nitrification High Nitrification

Growing season N discharge LOW HIGH

Dormant season N discharge HIGH INTERMEDIATE

Example years 1993 1994, 1996

COOL

Streamwater N signal LOW NO3-N VERY LOW NO3-N

Internal N production Low Nitrification Low Nitrification

Growing season N discharge LOW INTERMEDIATE

Dormant season N discharge LOW VERY LOW

Example years 1997 1992
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