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The Impact of Long-Term Nitrogen
Addition on Microbial Community
Composition in Three Hawaiian Forest Soils

Teri C. Balser1,2

1Department of Geological and Environmental Sciences, Stanford
University, Stanford, CA, 95706; 2Present address: Department of Soil
Science, University of Wisconsin–Madison, Madison, WI, 53706

We evaluated the microbial communities in three
Hawaiian forest soils along a natural fertility gra-
dient and compared their distinct responses to
long-term nitrogen (N) additions. The sites stud-
ied have the same elevation, climate, and domi-
nant vegetation, but vary in age of development,
and thus in soil nutrient availability and nutrient
limitation to plant growth. Fertilized plots at each
site have received 100 kg ha year–1 N addition for
at least 8 years. Soil parameters, water content,
pH, and ammonium and nitrate availability differed
by site, but not between control and N-addition
treatments within a site at the time of sampling.
Microbial biomass also varied by site, but was not
affected by N addition. In contrast, microbial com-
munity composition (measured by phospholipid
analysis) varied among sites and between con-
trol and N-addition plots within a site. These data
suggest that microbial community composition
responds to N addition even when plant net pri-
mary productivity is limited by nutrients other than
N. This may have implications for the behavior of
forests impacted by atmospheric N deposition that
are considered to be “nitrogen saturated,” yet still
retain N in the soil.

KEY WORDS: lipid analysis, tropical soil, nitrogen
deposition, microbial community composition

DOMAINS: plant sciences, agronomy, soil systems, global
systems, ecosystems and communities, environmental
sciences, ecosystems management
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EXPERIMENTAL METHODS

Field Sites and Sampling
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Laboratory Methods

Microbial Fatty Fatty Acid Profiles
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TABLE 1
Site Characteristics

Parent Material Water Content Ammonium Nitrate
Site Age (years) Treatment pH (gg–1) (µgg–1) (µgg–1)

N-Limited 300 Control 4.35 ± 0.05* 1.24 ± 0.16 2.27 ± 0.34 0.67 ± 0.57*

N-Addition 4.08 ± 0.07 1.07 ± 0.16 2.95 ± 1.18 5.83 ± 1.87

Fertile 20,000 Control 3.40 ± 0.16 1.40 ± 0.04 19.46 ± 8.18 128.7 ± 20.0

N-Addition 3.47 ± 0.14 1.26 ± 0.05 8.78 ± 0.98 129.9 ± 21.9

P-Limited 4,100,000 Control 3.18 ± 0.06 0.57 ± 0.12 2.81 ± 0.39* 7.36 ± 4.3*

N-Addition 3.23 ± 0.23 0.75 ± 0.15 13.8 ± 1.47 30.0 ± 1.64

Note: Numbers are means ± 1 standard error.

* = Control and N addition are significantly different by t-test (p < 0.01).
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