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ABSTRACT. Nitrogen mineralization and nitrification were studied within an upland pin oak (Quercus
ellipsoidalis E.§. Hill) forest to determine if topography could be used to understand the
spatial variability of N transformations within and among individual stands. Four upland
pin oak stands were used for the study, and within each stand, transects were established
on northeast (45° azimuth), southeast (135° azimuth), southwest (225° azimuth), and
northwest (315° azimuth) facing aspects. Nitrogen mineralization and nitrification were
measured at 5-wk intervals for 1 year at top, middle, and bottom slope position along each
transect using an ## sitx soil incubation technique. Annual rates of mineralization among
the four stands ranged from 3.0 to 6.7 g N m~2 yr~!, but were not significantly influ-
enced by aspect or slope position. Although aspect had no effect on nitrification, bottom
slope positions had significantly lower (0.3 g N m~2 yr~?!) nitrification rates compared to
middle (1.3 ¢ Nm~2 yr~!) and top (1.4 g N m~2 yr~?) slope positions. Annual N
mineralization and nitrification increased with stand age. Slope position and aspect had
little influence on N cycling rates within the subtle topography of east central Minnesota;
time since disturbance seems to be the most important factor influencing the variability
in N dynamics among upland pin oak stands. For. Sct. 37(1):45-53. ’
ADDITIONAL KEY WORDS. Nitrogen mineralization, nitrification, oak forests, spatial vari-
ability, disturbance.

that displays substantial variability at both large and small spatial scales
(Schimel] et al. 1985, Zak et al. 1986, Robertson et al. 1988, Burke 1989,
Burke et al. 1989, Zak and Pregitzer 1990). Considerable effort has been devoted
toward identifying the components of this variability, and several factors have
been recognized as exerting a significant influence on N cycling processes (Aber
and Melillo 1982, Vitousek et al. 1982, Flanagan and Van Cleve 1983, Pastor et
al. 1984). Climate affects large-scale patterns of N cycling through the combined
effects of precipitation and temperature. At regional scales, these effects are
often modified by physiographic and edaphic factors, and several studies have
found distinct patterns of N cycling along topographic and edaphic gradients (Pas-
tor et al. 1984, Schimel et al. 1985, Burke 1989). In addition to abiotic factors,
species composition and its effect on litterfall chemistry plays an important role in
regulating rates of N cycling at the scale of an individual forest ecosystem (Aber
and Melillo 1982, Pastor et al. 1984, Pastor and Post 1986).
Because of the factors discussed above, rates of N cycling can be expected to
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differ among forests from diverse climatic regimes. Nonetheless, spatial variabil-
ity in N cycling among forests within a climatic regime can be of equivalent
magnitude. In the Lake States Region, for example, N mineralization can display
a twofold difference between forest ecosystems, and nitrification can differ by an
order of magnitude (Pastor et al. 1984, Zak et al. 1986, 1989, Zak and Pregitzer
1990). Although local differences in species composition and soil moisture avail-
ability can account for a large proportion of this spatial variability, variability among
forest stands with similar species composition and topographic position can be as
large as the variability between different ecosystem types (Zak et al. 1986, 1989,
Zak and Pregitzer 1990). The underlying factors or processes responsible for this
variation are not fully understood.

Determining the factors that contribute to variation within and among individual
forest stands (i.e., within an ecosystem type) is important because regional and
global estimates of N cycling are often based on data collected from a single site
within an ecosystem type. The accuracy of these estimates, therefore, depends
on how well an individual stand represents an ecosystem-level mean. Because
topography has a significant effect on rates of N cycling among different ecosys-
tems (Schimel et al. 1985, Burke 1989), we hypothesized that a significant pro-
portion of the variability in N cycling within an ecosystem type could be related to
small-scale topographic gradients. To test this, we studied the influence of aspect
and slope position on rates of N mineralization and nitrification within upland pin
oak (Quercus ellipsoidalis E.J. Hill) stands located in east-central Minnesota.

STUDY SITE

The study was conducted at the Cedar Creek Natural History Area (CCNHA),
approximately 50 km north of Minneapolis, MN. The climate of the area is con-
tinental with a mean annual temperature of 6°C and annual precipitation of 660 mm
(Grigal et al. 1974). The landscape ranges from nearly level plains to gently rolling
hills and is composed of well-sorted outwash sands that often extend 20 m in
depth. Cedar Creek is a mosaic of wetland and upland ecosystems related to the
proximity of the regional water table to the soil surface. The water table is at or
near the surface in low-lying areas and is only several meters below the surface
in the highest elevations. Prairie, oak savanna, upland forest, marsh, and swamp
are ecosystems common to Cedar Creek (Cushing 1963).

The upland pin oak forest is prevalent in the CCNHA, and we selected that type
to determine if topographic differences could be used to explain the variability of
N cycling within ecosystems. The upland pin oak forest typically occurs in the
rolling portions of the landscape, extending from top to bottom slope positions.
Corylus americana Walter and C. cornuta Marshall are common understory spe-
cies, and often form a dense tall-shrub layer. Ovington et al. (1963) and Reiners
(1971) have described the composition, structure, and biomass dynamics of these
forests in detail,

Four randomly selected upland pin oak stands (ca. 1 ha) were studied; their
overstory and soil properties are summarized in Table 1. Within each stand,
transects were established on northeast (45° azimuth), southeast (135° azimuth),
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