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Abstract

Nitrogen transformation rates in eight northeastern US research sites were measured in soil samples taken in the early season

of 2000 and the late season of 2001. Net mineralization and nitrification rates were determined on Oa or A horizon samples by

two different sampling methods—intact cores and repeated measurements on composite samples taken from around the cores.

Net rates in the composite samples (n ¼ 30) showed three different temporal patterns: high net nitrification with minimal NH4
þ

accumulation, high net nitrification and high NH4
þ accumulation, and minimal net nitrification and moderate NH4

þ

accumulation. The 4-week net rates in intact cores were about half that of the rates from the composite samples but were

well related (R2 > 0:70). Composite samples from sites that exhibited high net nitrification were incubated with acetylene and

net nitrification was completely stopped, suggesting an autotrophic pathway. Gross mineralization and nitrification (2000 only)

rates were estimated using the isotope dilution technique. Gross rates of nitrification and consumption in intact cores were

relatively low. Gross rates of mineralization and net rates of nitrification were both related to the soil C/N ratio, with higher rates

generally occurring in sites containing Acer saccharum as a dominant or co-dominant species. The comparison of methods

suggests that all provide a similar hierarchy of potential rates but that the degree of net nitrification is strongly influenced by the

degree of sample disturbance. Differences between sites appear to be related to an interaction of soil (C/N) and vegetation (A.

saccharum contribution) characteristics.
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1. Introduction

Accurate measurements of forest soil N transforma-

tion rates are needed for nutrient cycling studies and

ecosystem studies on the effects of elevated nitrogen

deposition. Recent isotopic evidence has shown that

the nitrate in deposition is cycled through the micro-

bial pool before export (Murdoch et al., 1998; Burns

and Kendall, 2002; Mayer et al., 2002). Thus, the

relationship between nitrogen deposition and

watershed nitrogen loss can only be understood if

we gain a better understandinger
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Ohrui et al., 1999), elevation (Kneopp and Swank,

1998; Bohlen et al., 2001), moisture and temperature

variation (Gilliam et al., 2001), tree species (Finzi

et al., 1998; Kneopp and Swank, 1998; Boerner and



Table 1

Characteristics of the sampling sites (the dominant tree species are those within a 5 m radius of the sampling site)

Site Location Elevation (m) Dominant tree species

Brush Brook, D watershed 44818.220N, 72853.480W 710 Betula alleghaniensis, A. saccharum

Brush Brook, G watershed 44818.160N, 72853.530W 720 B. alleghaniensis, A. saccharum

Buck Creek, south watershed 43844.320N, 74842.600W 660 F. grandifolia, B. alleghaniensis

Buck Creek, north watershed 43844.670N, 74842.560W 620 Picea rubens, F. grandifolia, B. alleghaniensis

Cone Pond, in watershed 43854.370N, 71836.470W 515 P. rubens, B. alleghaniensis

Cone Pond, above pond 43854.330N, 71836.390W 500 P. rubens, Tsuga canandensis

HBEF, lower hardwood WS6 43856.940N, 71844.080W 525 F. grandifolia, B. alleghaniensis

HBEF, spruce–fir WS6 43857.430N, 71844.390W 775 P. rubens, Betula papyrifera, B. alleghaniensis

Lye Brook Trail Site 43805.350N, 73802.440W 810 B. papyrifera, P. rubens, Abies balsamea

Lye Brook Roadsite 43803.420N, 73802.390W 740 F. grandifolia, A. saccharum

Mt. Mansfield, Ranch Brook 44829.750N, 72847.850W 600 A. saccharum, B. alleghaniensis

Mt. Mansfield, Forehead 44831.250N, 72848.940W 1110 P. rubens, A. balsamea

Sleepers River, W9-C 44829.540N, 72809.490W 560 F. grandifolia, B. alleghaniensis, P. rubens

Neversink, ridgetop Maple A 41858.090N, 74830.330W 840 F. grandifolia, A. saccharum

Neversink, midslope Maple C 41857.940N, 74830.860W 730 F. grandifolia, A. saccharum

Fig. 1. Map showing location of research sites.
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Mountains of New York, were collected on the ridge

top and a midslope position, adjacent to the Dry

Creek watershed (described in Burns and Kendall

(2002)).

All but two sites (Lye Brook Trail and Mt. Mans-

field Ranch Brook) consisted of mature, mixed-age

stands with no cutting in at least the last 20 years (at

least 80 years at some sites). The Lye Brook Trail and

Mt. Mansfield Ranch Brook sites were both pole size

stands, also uncut for at least 20 years. The Mt.

Mansfield Forehead site was somewhat different from

the other sites; it is a typical high-elevation stand

dominated by balsam fir, with a canopy height of

10 m, and natural disturbance openings creating a

mixed open-closed canopy. At each sampling point,

the dominant tree species within a 5 m radius were

noted by both stem density and diameter. The species

are listed in



(those in Table 2 with >18% C) but there were 6 A

horizons and 2 B horizons (Sleepers River, 25 October

2000 and Neversink midslope, 6 June 2001). Approxi-

mately 2 l of soil were sampled and mixed by hand

(not sieved), removing coarse debris and larger roots.

Extraction of 10 ml subsamples with 25 ml of 2 M

KCl (in triplicate) was done as soon as possible after

initiating sampling (20–30 min). The samples were

shaken intermittently by hand for 15 min and put into

an ice chest. The bulked horizon sample was kept in a



inorganic N were measured as described above and

gross rates were calculated as described in Hart et al.

(1994).

2.5. Acetylene additions

At five sites in 2001, subsamples of the bulked

horizon were incubated with acetylene, the common

method that has been shown to block autotrophic but

not heterotrophic nitrification (Hynes and Knowles,

1978). Ten-milliliter subsamples were placed in fif-

teen 100 ml gas-tight glass bottles and 1 ml of acet-

ylene was added through septa (within about 30 min of

sampling). Extraction with 2 M KCl was done in

triplicate, three times during the first 10 h after sam-

pling; and after 1 day, 2–4 days and 7 days. After

returning to the lab, incubation was in the dark at

12 8C. Inorganic N, dry weights and moisture content

were measured as described above.

2.6. Soil chemical analysis

Soil pH was determined on moist 5 ml subsamples

in 10 ml of 1 mmol l�1 CaCl2. This salt concentration

was chosen, rather than a water-pH, to minimize the

differences between samples caused by increases in

solution ionic strength from nitrate accumulation. For

soil C and N analysis, the dried subsamples (used to

determine water content) were ground to pass through

a 0.125 mm sieve and C and N were determined on an

elemental analyzer (CE440, Control Equipment, Low-

ell, MA) using NIST apple leaves and a USGS soil

standard as quality control. Using these same finely

sieved samples, acid-insoluble organic matter (OM)

was determined by the lignin procedure of Van Soest

(1963) using an automated agitation system (Ankom

Technology, Fairport, NY). The sample was treated

with a detergent solution, followed by 12 mol l�1

H2SO4 and the remaining OM determined by weight

loss on ignition. The percent acid-insoluble OM was

calculated assuming the total OM ¼ 1:724 � C. The

effective cation exchange capacity (CECe) was deter-

mined by the BaCl2 method of Hendershot and

Duquette (1986) using air-dried 2 mm-sieved samples.

Weighed 2 ml subsamples were used rather than 2 g

and the resulting solution:soil ratio varied between

11:1 and 60:1. Exchangeable cations (Al3þ, Ca2þ,

Mg2þ, Kþ, Naþ, Fe2þ and Mn2þ) were determined



frequently, especially during the first few days of

incubation. In samples from some western US forest

types, Vitousek et al. (1982) observed NO3
� accu-

mulation only after an initial lag period. We observed

no such lag period in any of our samples that accu-

mulated NO3
� but our study did not encompass as

many forest types or as wide a geographical region.

In our samples that had substantial increases over 4

weeks in either NO3
� or NH4

þ, there was always a

higher rate of increase over the first 10–30 h (most

apparent in Fig. 3e–g). This increase was linear over

the first 10 h with differences detectable within 1 h of

sampling. Those samples that showed rapid NO3
�



severed and plant uptake ceases. These conditions

may increase the NH4
þ supply to microorganisms

(through a decrease in plant consumption) and cause

net nitrification increases that would not be observed

in situ yet would still be lower than found in bulked

samples.

3.2. Gross rate measurements

Gross mineralization rates, measured with the iso-

tope dilution method (Hart et al., 1994) in intact cores,

also showed differences between the two sampling

periods, late season 2000 or early season 2001 (Fig. 6).





the gross and net rates of mineralization, with both

being much higher in the 2001 samples.

Gross nitrification rates were measured in 2000 only

and were relatively low compared to other reports

(Stark and Hart, 1997; Stottlemyer and Toczydlowski,

1999; Verchot et al., 2001). Consumption of NO3
�

was also relatively low and usually close to the gross

nitrification rate (Table 4). The low consumption

suggests low abiotic fixation of the added nitrate.

The gross nitrification rates were often similar to

the net rates measured in intact cores (Fig. 7a,

Table 4



bulked-sample net nitrification than intact-core gross

nitrification. Thus it is likely that bulked-sample rates

are often much higher than actual in situ rates and need

to be strictly used as potential rate estimates.

It is instructive to compare the gross rates of









occurred in the concentration of NO3
� in samples

incubated with acetylene (Fig. 9). In each case, six

measurements were made over a 7-day period and the

average concentration of the five sites was 0.93 mmol

kg�1 at the time of sampling and 0.92 mmol kg�1 after

7 days of incubation. It is interesting to note that the sum

of NH4
þ and NO3

� stayed relatively constant during

the incubation, regardless of treatment. Also, the NO3
�

concentration did not decrease in the acetylene-treated

samples, i.e. there was either no consumption or

remarkably similar rates of consumption and produc-

tion. Additional evidence, mainly from molecular stu-

dies, is accumulating to show that autotrophic oxidation

is the primary mechanism of nitrification in acid forest

soils (
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