Nitrogen and phosphorus additions negatively affect tree
species diversity in tropical forest regrowth trajectories
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ABSTRACT OBJECTIVES
Nutrient enrichment is increasingly occurring in many . To investigate how N and P addition affects rates of biomass accumulation and
tropical ecosystems, but there is little information on changes in species composition in young successional Amazonian forests.
how tropical tree diversity is affected. We re-
measured trees annually before and for six years « This study was not intended to simulate atmospheric deposition. Such studies are
after additions of nitrogen (N) and phosphorus (P) in rare for tropical ecosystems, and this one will not fill that void. However, although
abandoned Amazonian cattle pastures. Nitrogen motivated by other research objectives, these results may be relevant to
and P each stimulated growth of the dominant understanding expected impacts of increasing atmospheric deposition of nitrogen.
pioneer, Rollinia exsucca (Annonaceae), while N f\ "
also stimulated growth of two other species. Overall, METHODS

N or P addition reduced tree assemblage evenness Study conducted in abandoned cattle pasture near Paragominas, Brazil, which had been burned
and delayed tree species accrual over time, likely repeatedly -- last burn 6 years prior to this study.
due to competitive monopolization of resources by 4 treatments x 3 block replications = 12 plots; each plot 20m x 20m

the few species responding to nutrient enrichment. 8 1 - : p .

Surprisingly, N+P effects on tree biomass and Femllégr atpptl:fdfbﬁ ha_nd ittthetbeglr:nlmg of the rainy seasons in Jan. 2000 and in Feb. 2001,
species diversity were weaker than N-only and P- LIS _0 owing s ree.1 P .
only effects, because remnant pasture grass (1) control without fertilization; (2) 100 kg N ha'* as urea; (3) 50 kg P ha'! as simple

superphosphate; (4) N + P at these same rates.
All individuals >2cm DBH identified by species, tagged, and measured for height and DBH. Life forms

biomass increased dramatically in response to N+P
addition, preventing an expected positive N+P

synergy for the trees. In conclusion, N or P with DBH<2cm measured destructively in two 2m x 1m miniplots within each treatment plot.
enrichment may reduce the diversity of coexisting Aboveground woody biomass estimated by allometry.

tree species and delay species accrual during « To account for spatial variation among plots and blocks before treatment application, we tested for
structurally and functionally complex tropical effects of nutrient addition on rates of change (i.e. slopes) over time, using linear mixed-effects
rainforest secondary succession. regression models.

fertilization

SHORT-TERM RESULTS ON BIOMASS
« Tree biomass increased significantly relative to controls after
N and N+P addition (but no NxP synergistic effect). See Fig.
28
« The apparent P response was not statistically significant,
perhaps due to high spatial variation among the plots s
receiving P.
» Remnant grass biomass increased significantly with P and O ConN P Comn PN Conn PN Conth PN
N+P. See Figs. 1 and 2. 1099 2000 2001 2002
Fig. 2. First 3 years’ response of tree
and remnant grass biomass to
fertilization.
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Fig. 1: Photo of a control plot (left) and an N+P plot (right). Note proliferation
of remnant pasture grass with N+P.

LONGER-TERM RESULTS ON BIOMASS AND TREE SPECIES DIVERSITY

« In the 4% through 6% years after fertilization, the effect of N fertilization on tree biomass dissipated (Fig 3a, b) and grass biomass crashed in P and N+P plots. To ease readability, only fixed effects of
mixed models (treatment means) are presented in Figs. 3-5 (i.e. Best Linear Unbiased Predictors).

« Across all treatments tree species richness increased as secondary succession progressed during the observation period. Nitrogen or phosphorus alone delayed tree species accumulation and
reduced tree assemblage evenness (Fig. 4).

« Two common pioneers and one mid-successional tree species benefited most from the nutrient amendments (Fig. 5a-c). These species’ presence in secondary succession was prolonged by nutrient
amendment, perhaps because the added nutrients permitted them to compete for other resources, such as light and water. Their prolonged dominance accounts for slower accrual rates of other
species (Fig. 5d)
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+ N-only addition enhanced biomass growth of three common tree species, P-only enhanced one of these species, while
dozens of other tree species did not respond to nutrient enrichment.

« This differential stimulation of few common tree species coincided with reductions in tree assemblage evenness and
delayed species accrual over time, likely due to competitive monopolization of other resources by few responsive species.

« Consistent negative NxP interactions on tree biomass growth and species diversity contrast with reported N+P synergies and
were attributed to a positive NxP interaction in remnant pasture grass growth.
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* While growth rates were ek.avated for only 2 years posf—nutnen}t .addmon, §h|ﬂs |n‘ relative spef:les growlh and reduced FUNDING: NASA's Terrestrial Ecology Program and Planetary Biology Internship
assemblage evenness persisted for >3 years post-nutrient addition, favoring nutrient-responsive pioneer and early-secondary Program, part of the Large-scale Biosphere—Atmosphere project (LBA-ECO).
species.
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« N or P enrichment may reduce the diversity of coexisting species and delay species accrual during structurally and functionally . , "o 3 ; 2
tree species diversity in tropical forest regrowth trajectories. Ecology

complex tropical rainforest secondary succession.




