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Nitrogen (N) saturation is an environmental con-
cern for forests in the eastern U.S. Although sev-
eral watersheds of the Fernow Experimental For-
est (FEF), West Virginia exhibit symptoms of N
saturation, many watersheds display a high de-
gree of spatial variability in soil N processing. This
study examined the effects of temperature on net
N mineralization and nitrification in N-saturated
soils from FEF, and how these effects varied be-
tween high N-processing vs. low N-processing
soils collected from two watersheds, WS3 (fertil-
ized with [NH4]2SO4) and WS4 (untreated control).
Samples of forest floor material (O1 horizon) and
mineral soil (to a 5-cm depth) were taken from
three subplots within each of four plots that rep-
resented the extremes of highest and lowest rates
of net N mineralization and nitrification (hereaf-
ter, high N and low N, respectively) of untreated
WS4 and N-treated WS3: control/low N, control/
high N, N-treated/low N, N-treated/high N. Forest
floor material was analyzed for carbon (C), lignin,
and N. Subsamples of mineral soil were extracted
immediately with 1 N KCl and analyzed for NH4

+

and NO3
– to determine preincubation levels. Ex-

tracts were also analyzed for Mg, Ca, Al, and pH.
To test the hypothesis that the lack of net nitrifi-
cation observed in field incubations on the un-
treated/low N plot was the result of absence of
nitrifier populations, we characterized the bacte-
rial community involved in N cycling by amplifi-
cation of amoA genes. Remaining soil was incu-
bated for 28 d at three temperatures (10, 20, and
30°C), followed by 1 N KCl extraction and analy-

sis for NH4
+ and NO3

–. Net nitrification was essen-
tially 100% of net N mineralization for all samples
combined. Nitrification rates from lab incubations
at all temperatures supported earlier observations
based on field incubations. At 30°C, rates from
N-treated/high N were three times those of
N-treated/low N. Highest rates were found for un-
treated/high N (two times greater than those of
N-treated/high N), whereas untreated/low N exhib-
ited no net nitrification. However, soils exhibiting
no net nitrification tested positive for presence of
nitrifying bacteria, causing us to reject our initial
hypothesis. We hypothesize that nitrifier popula-
tions in such soil are being inhibited by a combi-
nation of low Ca to Al ratios in mineral soil and
allelopathic interactions with mycorrhizae of eri-
caceous species in the herbaceous layer.

KEY WORDS: base cations, hardwood forests, nitrogen
saturation, nitrogen mineralization, nitrification, microbial
ecology, amoA gene amplification

DOMAINS: environmental management and policy, eco-
systems and communities, ecosystems management
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TABLE 1
Amplification Primers and the Sources of amoA Genes

with Complementary Binding Sites

Sources of amoAGene Sequences
Primer Sequences (GenBank Accession Number)

5′-CGC AAC TGG ATG ATC AC –3′ (forward) Nitrosospira briensis C-128 (U76553)

5′-ACC AGC GGC AGG TGG GTC-3′ (reverse) Nitrosospira briensis C-128 (Z97859)

Nitrosospira briensis C-57 (Z97858)

Nitrosospira multiformis C-71 (X90822)

Nitrosospira multiformis Nm24C (AF042171)

Nitrosospira sp. AHB1 (X90821)

Nitrosospira sp. Np 39-19 (AF006692)

Nitrosospira sp. Np 39-19 (AF016002)

Nitrosospira tenuis Nv-1 (Z97860)

Nitrosovibrio tenuis Nv-12 (U76552)

Environmental clone RR 45-2 (Z97833)

Environmental clone RR 90-6 (Z97839)

Environmental clone RR 90-7 (Z97840)

Environmental clone SP-14 (Z97849)

5′-TAC CCC ATC AAC TTT GTA TTC CC-3′ (forward) Environmental clone RR 45-3 (Z97834)

5′-GCC AAA TGC GGT GAC GTC GTT CT-3′ (reverse) Environmental clone RR 45-7 (Z97836)

Environmental clone RR 90-8 (Z97841)

Environmental clone RR 90-9 (Z97842)

Environmental clone RR 90-14 (Z97843)

Environmental clone RR 90-17 (Z97844)

5′-TTT GTA CTG CCA TCG ACC ATG AT-3′ (forward) Environmental clone Schohsee (Z97851)

5′-CGC AGA ACA TCA GCA TAG ATA C-3′ (reverse) Environmental clone SP-9 (Z97848)
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TABLE 2
Means (+1 SE) for Net N Mineralization and Nitrification at Three Incubation

Temperatures for Low N Processing and High N Processing Plots Within Control
and N-Treated Watersheds of Fernow Experimental Forest, West Virginia*

N Mineralization Nitrification

�g N g–1 soil d–1

Treatment/N Status 10°C 20°C 30°C 10°C 20°C 30°C

Control/low N 0.16 + 0.08y
b 0.61 + 0.15xy

c 1.22 + 0.28x
b 0.01 + 0.01x

c 0.01 + 0.01x
c 0.01 + 0.01x

c

Control/high N 1.17 + 0.18y
a 2.97 + 0.43y

a 9.43 + 1.67x
a 0.83 + 0.18y

a 2.69 + 0.39y
a 8.90 + 1.45x

a

N-treated/low N 0.32 + 0.06y
b 0.67 + 0.14xy

c 1.18 + 0.21x
b 0.24 + 0.03y

b 0.56 + 0.14xy
c 0.94 + 0.19x

c

N-treated/high N 0.91 + 0.29y
a 1.81 + 0.44xy

b 3.64 + 0.88x
b 0.74 + 0.31y

a 1.57 + 0.47xy
b 3.50 + 0.92x

b

* Means for a given variable followed by the same superscript (a, b, c) are not significantly different between plot types at p < 0.10.
For plot types, means for net nitrification followed by the same subscript (x, y) are not significantly different between incubation
temperatures at p < 0.10.

TABLE 3
Means (+1 SE) for Extractable NH4 and NO3 Pools, Litter Lignin and N Concentrations,

and Lignin to N Ratios for Low N Processing and High N Processing Plots Within
Control and N-Treated Watersheds of Fernow Experimental Forest, West Virginia*

Lignin N
Treatment/N Status NH4 NO3 % % Lignin to N

�g N g–1 soil

Control/low N 2.6 + 0.3b 0.3 + 0.1c 32.8 + 0.8a 1.44 + 0.11b 22.9 + 1.4a

Control/high N 4.4 + 0.6a 5.4 + 1.7a 33.1 + 0.6a 1.73 + 0.03a 19.1 + 0.3b

N-treated/low N 2.6 + 0.1b 1.3 + 0.8bc 35.9 + 0.7a 1.82 + 0.03a 19.8 + 0.7ab

N-treated/high N 3.4 + 0.4ab 3.1 + 0.7ab 33.8 + 1.1a 1.97 + 0.02a 17.2 + 0.6b

* Means for a given variable followed by the same superscript are not significantly different between plot types at p <
0.10.
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TABLE 4
Means (+1 SE) for Extractable Mg, Ca, and Al; pH; and Ca to Al Ratios for Low N

Processing and High N Processing Plots Within Control and N-Treated Watersheds
of Fernow Experimental Forest, West Virginia*

Treatment/
N Status pH Mg Ca Al Ca to Al

�g g–1 soil

Control/low N 3.47 + 0.10c 1.5 + 0.6a 21.9 + 7.1c 712.9 + 120.6a 0.04 + 0.02b

Control/high N 4.00 + 0.08a 3.4 + 3.4a 86.8 + 43.6a 149.0 + 102.1c 0.77 + 0.32a

N-treated/low N 3.46 + 0.04c 0.6 + 0.6a 33.4 + 6.6ab 520.7 + 34.0ab 0.06 + 0.01b

N-treated/high N 3.75 + 0.05b 1.4 + 0.6a 93.1 + 19.7a 293.4 + 30.3bc 0.32 + 0.08ab

* Means for a given variable followed by the same superscript are not significantly different between
plot types at p < 0.10.

TABLE 5
Presence of Ammonia Monooxygenase Enzyme Types in Low N

Processing and High N Processing Plots Within Control
and N-treated Watersheds of Fernow Experimental Forest, West Virginia*

Control N-treated

Enzyme Type Low N High H Low N High N

Nitrosospira briensis C-128 + + + –

Environmental clone RR 45-3 – – – –

Environmental clone Schohsee + + – –

* A “+” indicates presence, whereas a “–” indicates absence.
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TABLE 6
Linear (Pearson Product-Moment) Correlations of Forest Floor and Soil

Variables with Net Nitrification at Three Incubation Temperatures (10, 20, 30°C)*

Net Nitrification at: Lignin N Lignin to N Mg Ca Al Ca to Al pH

10°C NS NS NS NS 0.98 –0.99 NS 0.92

20°C NS NS NS NS NS –0.98 0.97 0.98

30°C NS NS NS NS NS –0.92 0.99 0.98

* Lignin, N, and lignin to N ratio data are of forest floor material. Other data are of soil extracts. Values
shown are correlation coefficients (r) significant at p < 0.10; n = 4 for all correlations. NS indicates
correlation not significant at p < 0.10.
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