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Specific Leaf Area Along a Nitrogen Fertilization Gradient
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ABSTRACT.—Specific leaf area was measured for three dominant perennial grass species in
a long term nitrogen fertilization experiment in an abandoned field in Minnesota. The
specific leaf area differed among the species and increased with increasing levels of nitrogen
ferdlization. This increase in specific leaf area was up to 82% for Agropyron repens and shows
that the response of specific leaf area to nitrogen fertilization can be highly plastic. Increasing
specific leaf area within species, together with a species replacement, resulted in a 202%
increase in leaf area index along the nitrogen gradient, whereas the biomass increased by
only 57%. One-third of this increase was attributed to species replacement and two-thirds to
the change in specific leaf area within species. This plastic response of specific leaf area

within plant species substantially increases the aboveground competition for light along ni-
trogen gradients.

INTRODUCTION

Plant species dominance is partly controlled by soil ferdlity and nitrogen fertilization has
been used to explore mechanisms and tradeoffs that underlie species competitive abilities
(Aerts and Berendse, 1988; Tilman, 1988; Wilson and Tilman, 1993; Foster and Gross,
1998). Plant species differ in the way they allocate biomass and this impacts their compet-
itive ability in relation to soil nutrient and light availability. Tilman (1988) found a shift in
species along a nitrogen fertilization gradient which corresponded with a shift from below—
to aboveground biomass and argued that this represented a tradeoff between competitive
ability for soil nutrient resources and light. However, in addition to biomass allocation,
species also differ in leaf morphology and this can also impact their competitive abilides in
relation to nitrogen and light availability (Olff, 1992). Here we hypothesize that this long-
term nitrogen fertilization gradient causes a shift in specific leaf area (SLA) both within
species and between plant communities. SLA will, together with the observed shift in above-
ground biomass allocation patterns (Tilman, 1988), increase the aboveground leaf area
index (LAI), thereby intensifying aboveground competition.

Specific leaf area is the ratio of the leaf area relative to leaf mass and consists of two
components: leaf thickness and density (Witkowski and Lamont; 1991). Specific leaf area
varies considerably between species, individuals and within plant canopies (Shipley, 1995;
Cornelissen et al., 1997; Garnier et al., 1997) and is correlated with leaf nitrogen concen-
tration (Reich and Walters, 1994; Garnier et al., 1997), leaf gas exchange (Gutschick, 1988;
Reich and Walters, 1994), growth rate (Poorter and Remkes, 1990; Garnier, 1992; Lambers
and Poorter, 1992) and leaf longevity (Reich et al., 1992; Reich, 1993), traits which them-
selves are interrelated (Reich et al., 1992; Shipley, 1995).

METHODS

This study was conducted in an old field at Cedar Creek Natural History Area which was
abandoned in 1968 (Field A; Tilman, 1984, 1987). Cedar Creek is located 45 km north of
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