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Abstract. Nitrogen (N) is the primary growth-limiting nutrient in many terrestrial
ecosystems, and therefore plant production per unit N taken up (i.e., N use efficiency, NUE) is
a fundamentally important component of ecosystem function. Nitrogen use efficiency
comprises two components: N productivity (AN, plant production per peak biomass N
content) and the mean residence time of N in plant biomass (MRTN). We utilized a five-year
fertilization experiment to examine the manner in which increases in N and phosphorus (P)
availability affected plant NUE at multiple biological scales (i.e., from leaf to community level).
We fertilized a natural gradient of nutrient-limited peatland ecosystems in the Upper Peninsula
of Michigan, USA, with 6 g N!m"2!yr"1, 2 g P!m"2!yr"1, or a combination of N and P. Our
objectives were to determine how changes in carbon and N allocation within a plant to leaf and
woody tissue and changes in species composition within a community, both above- and
belowground, would affect (1) NUE; (2) the adaptive trade-off between the components of
NUE; (3) the efficiency with which plants acquired N from the soil (N uptake efficiency); and
(4) plant community production per unit soil N availability (N response efficiency, NRE). As
expected, N and P addition generally increased aboveground production and N uptake. In
particular, P availability strongly affected the way in which plants took up and used N.
Nitrogen use efficiency response to nutrient addition was not straightforward. Nitrogen use
efficiency differed between leaf and woody tissue, among species, and across the ombrotrophic–
minerotrophic gradient because plants and communities were adapted to maximize either AN

or MRTN, but not both concurrently. Increased N availability strongly decreased plant and
community N uptake efficiency, while increased P availability increased N uptake efficiency,
particularly in a nitrogen-fixing shrub. Nitrogen uptake efficiency was more important in
controlling overall plant community response to soil N availability than was NUE, and
above- and belowground community N uptake efficiencies responded to nutrient addition in a
similar manner. Our results demonstrate that plants respond to nutrient availability at multiple
biological scales, and we suggest that N uptake efficiency may be a more representative
measurement of plant responses to nutrient availability gradients than plant NUE.
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INTRODUCTION

Soil nitrogen (N) and phosphorus (P) availability

often limit plant growth (Chapin 1980, Vitousek and

Howarth 1991, Vitousek et al. 2002). Therefore, the

amount of nutrients required to support plant growth

may determine the competitive hierarchy of species

within and among communities (Fargione and Tilman

2006). The classic test of nutrient limitation in a plant

community is an increase in net primary production

(NPP) with the addition of a limiting nutrient (Chapin et
al. 1986, Vitousek and Howarth 1991). However, in
natural ecosystems, the relationship between plant
growth and nutrient availability is not straightforward.
This is because plants that have evolved under different
nutrient regimes often vary in their ability to respond to
increases in nutrient availability (Chapin 1980, Vitousek
1982, Chapin et al. 1986, Aerts and Chapin 2000). For
example, plant communities occupying infertile habitats
are often relatively unresponsive to nutrient addition
due to sets of life-history traits that result in low
productivity and long nutrient retention times in
biomass. The converse is true of species characteristic
of nutrient-rich sites (Chapin et al. 1986, Aerts and
Chapin 2000).

One measure of plant adaptation to gradients of
nutrient availability is nutrient use efficiency, or the
amount of organic matter fixed in plant biomass per unit
of nutrient taken up (Vitousek 1982, Garnier and
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