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Abstract. 
Emissions of the greenhouse gas nitrous oxide (N2O) and nitric oxide (NO; a precursor to tropospheric 
ozone, which is a greenhouse gas and air pollutant) are largely mediated by the microbial processes of 
nitrification and denitrification; microbes also contribute to many important ecosystem services. 
Agricultural NO emissions can drive ozone formation in rural areas, and recent modeling and remote 
sensing studies suggest that soils are a major driver of ozone production following precipitation pulses in 
western Africa. Massive increases in nitrogen (N) additions--over an order of magnitude--are underway in 
parts of sub-Saharan Africa, and can be expected to lead to increases in N2O and NO emissions.  Recent 
remote sensing studies have shown that the onset of the rainy season in the Sahel is responsible for large 
pulses of NO from soils.   Here we propose using molecular and other techniques to investigate the biotic 
and abiotic mechanisms by which these fluxes are produced and to understand how agricultural 
intensification affects the structure of soil microbial communities.  Central to this project is using 
quantitative PCR for genes and mRNA involved in nitrification and denitrification to map the how these 
critical functional elements of the microbial community break dormancy at the onset of the rainy season. 
 
Proposed Research.  
An African Green Revolution is underway, and one of its major goals is improving soil fertility by 
increasing rates of fertilizer use by farmers. The Alliance for a Green Revolution in Africa has set a goal 
of increasing average fertilizer use five-fold in sub-Saharan Africa (SSA), from 8 to 50 kg ha-1 by 2015, 
and by well over an order of magnitude to reach recommended levels [1].  Such a large change in land 
use--at a continental scale—will inevitably include some effects on the environment.   
 
Among the changes brought by agricultural intensification will be changes in microbial communities.  
These communities mediate many ecosystem services, including the retention of nitrogen in agricultural 
soils, which fosters soil fertility and prevents losses of reactive nitrogen to the environment.   Nitrous 
oxide (N2O), a greenhouse gas with a global warming potential about 300 times greater than carbon 
dioxide (CO2), is produced primarily during microbial denitrification.  In general, N gas emissions can be 
expected to increase when fertilizer use increases [2,3], and agriculture is currently responsible for the 
majority of anthropogenic N2O emissions globally. Nitric oxide (NO) is often the limiting precursor of 
tropospheric ozone, an air pollutant and greenhouse gas that is produced primarily during microbial 
nitrification [4].  In SSA, tropospheric ozone’s impacts are suspected to be on the order of those due to 
climate change, though it receives far less attention. Evidence suggests that soil NO emissions are a 
driving force behind increases in ozone pollution [5-7], but to date, published direct measurements of NO 
emissions from sub-Saharan African agricultural soils are limited to a field study in Zimbabwe, a 
laboratory study with soils collected from Senegal, and our own work.   




