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NITROGEN-LIMITED GROWTH IN PLANTS FROM
DIFFERENT SUCCESSIONAL STAGES!
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Minneapolis, Minnesora 55455 USA

Abstract. The effect of nitrogen availability on plant growth was studied using nine plant species,
some of which are commonly found in recently abandoned old fields while others are more charac-
teristic of native prairie. Each species was grown by itself in nine different soil mixtures in which total
soil nitrogen (as N) per unit soil mass ranged from 20 10 850 mg/kg, spanning the range of total soil
nitrogen observed in a chronosequence of old fields a1 Cedar Creek Natural History Area, Minnesota.
For each species there was a significant (P < .05), positive correlation between the biomass attained
after 12 wk of growth and the total soil nitrogen. These data allowed the species 10 be ranked, from
those that atiained the greatest biomass as seedlings at low nitrogen levels 1o those that attained the
least, as follows: Ambrosia artemisiifolia, Achillea millefohum, Chenopodium album, Agropyron re-
pens, Agrostis scabra, Poa pratensis, Sorghastrum nutans, Schizachyrium scoparium, and Liatris as-
pera. There was a highly significant tendency for early successional species 10 grow more rapidly at
low nitrogen levels and to acquire more nitrogen per plant from nitrogen-poor soils than late succes-
sional species. However, late successional species did not grow more rapidly at high nitrogen levels
than early successional species. These results are consistent with the hypothesis that early successional
species are dominant following old field abandonment at Cedar Creek because of their ability 1o

compete for soil nitrogen.
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INTRODUCTION

Many studies have suggested that the availability of
such soil resources as nitrogen, water, and phosphorus
may influence successional dynamics (Olson 1958, Rice
etal, 1960. Lloyd and Pigott 1967, Walkeret al. 1981).
In addition, soil resources are known to influence com-
munity structure, For instance, fertilization can lead
to dramatic shifts in the species composition and di-
versity'of plant communities (Milton 1947, Willis and
Yemm 1961, Specht 1963, Ginzo et al. 1982, Tilman
1982, 1984), and there are often strong correlations
between soil chemistry and the local distributions of
species (Snaydon 1962, Pigott and Taylor 1964, Whit-
taker and Niering 19735, Christensen and Peet 1984).
Such results led me to suggest that it might be possible
to predict the effects of resource availability on com-
munity structure and succession if the resource-depen-
dence of plant growth were known (Tilman 1980. 1982,
1985).

In this paper I report the pattern of nitrogen-depen-
dent seedling growth for nine species of plants that
occur at different times during the secondary succes-
sional saquence on the sandy, nitrogen-poor (Tilman
1984) soils of Cedar Creek Natural History Area, Min-
nesota. Data from a chronosequence of 22 old fields
at Cedar Creek have shown that total soil nitrogen
increases significantly with the number of vears since
abandonment (R. Inouye et al.. personal observation).
The estimated total soil nitrogen as N in newly aban-
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doned fields (intercept of the regression) was 369 mg/
kg, and the slope of the regression against time was 6.8
mg-kg™! - yr 7' (r=0.67; n= 22, P < .01). Thus. it
takes =70 yr, on average, for newly abandoned fields
to go from their initially low total soil nitrogen level
to the highest level observed (852 mg/kg) in native,
undisturbed prairie or savanna at Cedar Creek. Similar
increases in soil nitrogen have been observed in other
successions (Crocker and Major 1955; Olson 1958, Rice
et al. 1960).

If interspecific competition for nitrogen is one of the
important processes during secondary succession at
Cedar Creek, then early successional species. which are
dominant in the more nitrogen-poor soils, should grow
more rapidly at low nitrogen levels than later succes-
sional species (Tilman 1982). Their greater growth rate,
according to resource competition theory (Tilman
1982), should allow these species to acquire a larger
proportion of available soil nitrogen, and thus 10 in-
hibit the growth of later successional species. The re-
source ratio hypothesis of succession (see Tilman 1 985)
predicts that succession could occur on such nitrogen-
limited soils only if another resource, such as light.
becomes more limiting as soil nitrogen levels increase.
and if plants that are superior competitors for light
(i.e., more shade tolerant) are poorer competitors for
nitrogen. Thus, if nitrogen competition is important
during early succession, and if another process. such
as competition for light. becomes increasingly impor-
tant in later succession. the ability of various plant
species to grow at low nitrogen levels should corre-
spond with their order of occurrence during secondary
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