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NITROGEN CYCLiN G, PLANT COMPETITION, AND THE
STABILITY OF TALLGRASS PRAIRIE
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Absrrace. Five perennial grass species (Schizachyrium scoparium (Michx.)
Nash. Andropogon gerardi Vitman., Poa pratensis L.. Agropyron repens
(L.) Beauv.. and Agrostis scabra Willd.) were grown on an experimental
soil nitrogen (N) gradient. In competition plots on low-N soils, the two
prairie bunchgrasses. Andropogon and Schizachyrium. completely displaced
the other three species within three years. However, displacement did not
occur on high-N soils. In N-cycling studies using monocultures. the two
prairie species reduced soil N supply rates compared to the other species by
tying up N in their slowly decomposing litter. These species. therefore. cre-
ate the low-N conditions for which they are superior competitors. This pos-
itive feedback between plant competition and N cycling may be a critical
process in tallgrass praire. Alteration of the N cycle can disrupt this feed-
back. however. High raies of atmospheric N deposition caused by air pollu-
uon may be sufficient in pants of the Midwest 10 seriously threaten the sta-
bility of tallgrass prairie remnants.

INTRODUCTION

Prior to settlement. the tallgrass prairie covered a vast section of
North America. Considering the dramatic variation in soil type and
climate within this region, the vegetation was surprisingly uniform.
The dominant plant species were a set of warm-season grasses: big
bluestem (Andropogon gerardi Vitman.). little bluestem
(Schizachyrium scoparium (Michx.) Nash), Indian grass (Sorghas-
trum nutans (L.) Nash), and switchgrass (Panicum virgatum L.).
How the tallgrass prairie was able to dominate such a large and
diverse region and why, on the other hand, it was so vulnerable to
numerous disturbances, including overgrazing and the invasion of
exolic species, is only beginning to be understood. In the last few
decades, ecologists have recognized the critical role of fire in main-
taining taligrass prairie (Knapp and Seastedt 1986, Axelrod 1985).
The results presented in this paper suggest nitrogen (N) cycling
may also play a critical role. .

Experiments, both in the Kansas Flint Hills (Owensby et al.
1970. Seastedt et al. 1991) and in Minnesota sand prairies (Tilman
1987), have shown that N is the nurrient most frequently limiting
the productivity of tallgrass prairie in non-drought years. Thus, the
widely held assumption that moisture limitation is the primary con-
straint on productivity in tallgrass prairie (Weaver 1954) needs to
be reconsidered. In contrast to increased productivity due to N
addition. water addition did not result in significant increases in
productivity (Owensby et al. 1970, Tilman 1990). Using several
different precipiration parameters as predictors. only 14% of the
variability in above-ground net primary production could be
accounted for in a 50 year study of tallgrass prairie in the Kansas
Flint Hills (Towne and Owensby 1984). This contrasts sharply
with the strong correlation of precipitation and productivity found
in the short- and mixed-grass prairies of the Great Plains (Sala et al.
1988). Nutrient dynamics. especially for N. must be addressed in
understanding the structure and functioning of the tallgrass prairie
ecosystem. In this paper, we review and summarize the previously
published results of experimental studies comparing the N dynam-
ics of prairie and non-prairie grasses. discuss the unique N cycle of

~the1allgrass-praide.-and suggest that disruption-of the N-cycle-may
be important in the destabilization of tallgrass prairie.

METHODS

This research was part of the Long Term Ecological Research
program at the University of Minnesota’s Cedar Creek Natural His-
tory Area. Cedar Creek is located on a glacial outwash sandplain in
east-central Minnesota. These studies focused.on the five most
abundant grasses in the abandoned old fields and native prairies at
Cedar Creek. Little bluestem and big bluestem are native warm-
season bunchgrasses dominant in late-successional fields and
undisturbed prairies and oak savannahs. Ticklegrass (Agrostis
scabra Willd.) is a native, cool-season bunchgrass found in early
successional fields. Quackgrass (Agropyron repens (L.) Beauv.)
and Kentucky bluegrass (Poa prarensis L.) are both non-native,

. cool-season rhizomatous grasses found in early- to mid-succession-

al fields at Cedar Creek (Tilman 1988). These species were planted
as monocultures and in mixed-species plots on soils ranging from
sand (0.3% organic matter and 90 mg of N per kg of dry soil) to a
sandy-loam black soil (3.0% organic matter and 1,100 mg/kg total
N). By mixing different ratios of these two soils, an experimental
gradient in soil fertility from low N to high N conditions was creat-
ed. Black-soil plots that received an additional 5.6 g N m-2 yrlas
NH,NO; fertilizer were the most fertile plots of the gradient. To
insure that N was the only soil resource limiting growth, all plots
were watered and fertilized with all nutrients except N. The con-
trolled garden situation allowed us to address 1) the N-use efficien-
cy of these grasses (Wedin 1990), 2) their competitive interactio~
under high- and low-N conditions (Tilman and Wedin 1991a.
Wedin 1990), and 3) their effects on N cycling (Wedin and Tilman
1990) and soil NH, and NO; concentrations (Tilman and Wedin
1991b). These various experiments are only summarized here:
complete methods and results can be found in the above citations.
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Figure-1.-Tissue-N concentrations (means and-standard-errors)—
in late July for five grass species (ticklegrass, quackgrass, Ken-
tucky bluegrass, little bluestem and big bluestem) growing in
monocultures on a sandy-loam black soil.
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