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Logging has been shown to induce nitrogen (N)
leaching. We hypothesized that logging a water-
shed that previously exhibited forest decline
symptoms would place additional stress on the
ecosystem and result in greater N loss, compared
to harvesting vigorous forests. We conducted a
10-year (1988 to 1998) assessment of N export
from the Baldwin Creek watershed in southwest-
ern Pennsylvania that was partially clearcut to
salvage dead and dying northern red oak. N ex-
port from the watershed increased significantly
following salvage logging operations and did not
completely return to prelogging levels by the end
of the study period. The largest annual NO3-N ex-
port of 13 kg/ha was observed during the first year
after harvesting, an increase of approximately 10
kg/ha. Compared to data from other Appalachian
Mountain watersheds in North Carolina, West Vir-
ginia, and Pennsylvania, calculated N loss for
Baldwin Creek was considerably greater. Longer
periods of reduced N uptake due to slow reveg-
etation of salvage logged areas, coupled with in-
creased amounts of N available to leaching, could
have accounted for the large N losses observed
for Baldwin Creek. Salvage logging of dead and
dying trees from forested watersheds in this re-
gion appears to have the potential to result in
much larger N losses than previously reported for
harvest of healthy stands.

KEY WORDS: logging, nitrogen, nitrate, stream export,
leaching, forest decline

DOMAINS: freshwater systems, environmental sciences,
environmental management, environmental monitoring,
ecosystem management, water science and technology
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TABLE 1
Chemical Characteristics of Soils on the Baldwin Creek Watershed

Organic Soil Mineral Soil

Parameter Mean Range Mean Range

pH 3.8 3.4 – 4.2 4.0 3.5 – 4.6

Acidity (meq/100 g) 22.5 12.6 – 29.7 12.7 4.1 – 22.4

CEC (meq/100 g) 18.7 15.5 – 21.2 12.8 4.8 – 16.9

% K Saturation 1.4 0.6 – 2.6 0.6 0.1 – 1.5

% Mg Saturation 2.6 1.6 – 3.7 1.7 1.1 – 3.6

% Ca Saturation 15.8 8.6 – 24.7 5.7 3.1 – 12.1

NO3-N (mg/kg) 53.6 7.6 – 228.5 4.5 0.83 – 22.4

NH4-N (mg/kg) 169.2 29.8 – 467 12.2 2.1 – 66.2

TKN (%) 1.7 0.5 – 2.3 0.2 0.07 – 0.99

Ca:Al molar ratio 52 11.4 – 128.5 2.1 0.4 – 9.9
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TABLE 2
Areal Extent of Salvage Logging

Operations on the Baldwin Creek Watershed

Clearcut Area Selectively Cut Area Total Cut
 Year  ha (%)  ha (%)  ha (%)

1990 25 (5) 43 (8) 68 (13)

1991 20 (4) 0 20 (4)

1992 181 (34) 71 (13) 252 (47)

Total 226 (42) 114 (21) 340 (64)
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TABLE 3
Mean Annual N Concentrations, Mean Monthly Discharge,

Mean Monthly N Export, Total Annual Discharge,
and Total Annual Stream N Export for Baldwin Creek Watershed

Monthly
Stream Monthly Total Total N

N conc.  Discharge N Export Discharge Export
Year (mg/l) (cm/mo) (kg/ha/mo) (cm/year) (kg/ha/year)

1989 — Prelogging 0.27 6.31 0.18 75.75 2.13

1990 — Logging 0.35a 5.43 0.19 48.88 1.73

1991 — Logging Insufficient data

1992 — Logging 0.91a 5.18 0.49a 56.93 5.35

1993 — Postlogging 0.95a 9.90 1.09a 119.16 13.00

1994 — Postlogging 0.96a 8.10 0.81a 96.94 9.70

1995 — Postlogging 0.75a 1.41 0.11 16.91 1.37

1996 — Postlogging Insufficient data

1997 — Postlogging 0.58a 5.95 0.34a 59.53 3.41

1998 — Postlogging 0.58a 7.04 0.40a 84.52 4.86

a Value is significantly greater than the 1989 (presalvage logging) value in the same column (two sample
t-test), (α�= 0.05).
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Baldwin Creek’s Response Compared to
Previous Watershed Studies
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TABLE 4
Increases in NO3-N Export (kg/ha) Following Commercial

Harvesting of Several Watersheds, in Comparison to Baldwin Creek

Years after Harvest

Watershed 1 2 3 4 5 6

Hubbard Brook 102.7 145.0 ** ** ** **

Leading Ridgea 0.04 0.02 0.05 ** 0 0

Fernow 2.4 1.61 ** ** ** **

Coweeta 0.26 1.12 1.27 0.25 0.28 **

South Haddix 1.77 2.69 2.75 ** ** **

Baldwin Creeka 10.0 5.48 0b ** 1.81 1.36

Baldwin Creek × 1.56 15.6 8.55 0b ** 2.82 2.12

Baldwin Creek × 2.38 23.8 13.04 0b ** 4.31 3.24

Note: ** = no data available.
a Less than 100% of the total watershed area was harvested.
b Severely reduced stream flow due to drought.
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