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Plant canopies act as boundaries between the atmosphere and 

the biosphere, because they 

• intercept rain, fog, particles, and gases. 

• influence the quantity of water delivered to soils.  

• retain and leach nutrients and pollutants. 

Land-cover change modifies canopy structure and composition 
and thus may alter 

• the rate or magnitude of ion fluxes to soils.  

• spatial patterns of nutrient/pollutant inputs across 
landscapes. 

Tropical regions experience rapid rates of land-cover change and 
are vulnerable to associated changes in air and water quality. 

Plant Canopies as Boundaries 

Question 

What is the influence of land-cover type on water and atmospheric 

inputs of sulfate-sulfur (SO4
2--S), chloride (Cl-), and nitrate-nitrogen 

(NO3
--N) to plant canopies and soils? 

montane forest cattle pasture coffee agroforest 

IF NTF>0 THEN fog/dry deposition, canopy leaching 

IF NTF<0 THEN canopy uptake 

Throughfall Ion Flux 

n=122 

Methods 

We measured rain, fog, throughfall and stemflow water inputs and 

used anion-exchange resins to estimate total SO4
2--S deposition 

and net throughfall Cl- and NO3
--N fluxes.  Water and chemical 

fluxes were measured from 2005-2008 across 12 sites.  
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Total Atmospheric Deposition of Sulfate-S Bornean Landscapes 

Summary 

Extending these findings to Bornean landscapes, where expanding oil palm 

plantations drive tropical forest and peatland conversion and increase 

vulnerability to fire, we anticipate fundamentally altered air quality through higher 

emissions; enhanced atmospheric deposition rates to rainforest ecosystems; and 

increased transfer of mobile elements from canopies to soils. ENSO events are 

likely to compound these effects by promoting drought, fire vulnerability, and 

related emissions. 

Figure adapted from Austin et al. 2003 
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Research sites (1000-2200 m) and precipitation seasonality. 

Highland Veracruz, Mexico 

Throughfall Water Rain Fog 

Linear regression of (a) mean leaf area index per tree against median weekly 

net throughfall to forest trees () and coffee shade trees (), and (b) stand 

basal area m2 ha-1 against net annual throughfall flux (mm) to forest 

fragments (), shade coffee plantations (), and cleared areas (), Veracruz, 

Mexico. 

Water Fluxes 

Ponette-González, A.G., K.C. Weathers, and L.M. Curran. 2010. Water inputs across a tropical 

montane landscape in Veracruz, Mexico: synergistic effects of land cover, rain and fog seasonality, 

and interannual precipitation variability. Global Change Biology 16: 946-963. 

Ponette-González, A.G., K.C. Weathers, and L.M. Curran. 2010. Tropical land-cover change 

 alters biogeochemical inputs to ecosystems in a Mexican montane landscape. Ecological 

 Applications 20:1820-1837. 

Sulfate-S in throughfall is a conservative tracer of total atmospheric 

deposition (wet + dry + cloud). Deposition was higher to forest and coffee 

canopies than to clearings at 8 of 12 sites. 

Chloride Ion Fluxes 

The annual net chloride flux was 

higher in coffee than in forest canopy 

throughfall at three of five paired 

sites. 

In this study, coffee canopies  were 

predominantly evergreen. This 

relationship suggests that during the dry 

season, there is an increase in dry and 

cloud inputs to and foliar leaching from 

coffee canopies. The cleared area with 

no canopy cover is inserted for 

reference. 

Intentionally set fires within oil palm 

plantation on mineral soils, 2008. West 

Kalimantan, Indonesia.  

This newly-planted peatland plantation 

burned during the 2009 ENSO; the oil 

palm company lost thousands of oil 

palm seedlings to fire and did not want 

the area to burn. W. Kal., Indonesia. 

Emissions, 

Deposition 

to adjacent 

forests 

Land-cover change, decreasing air quality, and precipitation 

variability are likely to affect tropical forest ecosystems through 

alterations in biogeochemical cycles.  

Land-cover change can contribute to increasing atmospheric 

emissions but also affects chemical deposition rates to canopies 

and soils, with forests vulnerable to elevated deposition fluxes. 

In addition, forest conversion accelerates the rate of water delivery 

to soil, especially when rainfall is heavy and frequent.  

Enhanced water fluxes may promote foliar leaching of mobile ions 

as well as wash-off of dry deposition.  


