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The carbon and nitrogen cycle collide in switchgrass soils 

The burning of fossil fuels emit greenhouse gasses into the atmosphere, which 
contributes to global climate change. In addition, fossil fuels are non renewable 
sources and are not sustainable1. Consequently, biofuel crops are currently being 
assessed as a potential alternative sustainable energy source. Switchgrass 
(Panicum virginiatum) is an ideal candidate as a sustainable biofuel crop because 
it is a perennial crop, which thrives in marginal land soil and acts as a potential 
carbon sink2.  
 

Although, substantial research has been done on maximizing switchgrass yields 
and its viability as a biofuel crop, little is known about the influence of 
switchgrass exudates on the soil microbially mediated processes. In particular, 
there is limited evidence linking carbon quantity and quality to denitrification and 
the ratio of nitrous oxide (N2O) to nitrogen gas (N2) emissions from the microbial 
community.  N2O, a product of denitrification, has the global warming potential of 
310 times that of carbon dioxide (CO2) and 16 times that of methane (CH4) over a 
100-year period3. 
 

The interactions between the carbon and nitrogen cycle have not been well 
connected in ecology. Therefore, it is crucial to understand more about the 
influence of switchgrass exudates (organic carbon) on microbially mediated 
denitrification rates. This research allows us to begin to budget for the influence of 
switchgrass exudates on soil N2O production 

•  How does organic carbon quantity and quality affect denitrification rates in 
switchgrass (Panicum virginiatum) soil grown on marginal lands? 

 

•  How does applying nitrate to organic carbon compounds of varying 
bioaccessability affect denitrification rates and the ratio of nitrous oxide to 
nitrogen gas emissions? 
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•  Nitrate addition increases denitrification rates, specifically N2O production 
 
•  Denitrification mainly resulted in N2O production, not N2 production, likely 

due to it being a marginal land. 
 
•  We speculate that the NosZ gene, which converts N2O to N2, occurs in limited 

numbers in this microbial community.  This is likely because it is not a 
favorable reaction when the organic carbon quantity and quality is low.  
Microbes can therefore maximize energy yields by producing N2O only, not N2 

 
•  Butyrate, a fatty acid found in the exudates of many perennials, appears to 

reduce N2O production.  This could be advantageous for perennial grasses in 
marginal land soil. 

 
•  Mannitol, a simple sugar found in the exudates of switchgrass, increases 

denitrification rates and N2O production. 

•  Soil cores from unfertilized switchgrass (Panicum virginiatum) in the Lux Arbor 
marginal land site were taken at a depth of 25 cm 

 
•  300 mL serum bottles were each filled with 25 g of soil 
 
•  The following organic carbon compounds found in switchgrass exudates were 

added from a range of 0.3 - 5.0 % total organic carbon to the soil.  
1.  Mannitol 
2.  Butyrate 

*Percentages were based off of carbon concentrations found in current      
agricultural fields 
 

•  Each sample received different treatments of high nitrate (0.16% N-NO3 (w/w)) 
and low nitrate (0.0017 % N-NO3 (w/w)).  

 
•  Serum bottles were made anaerobic prior to running denitrification enzyme 

assays (DEA).  Gas chromatography was used in order to determine the relative 
magnitudes of N2O and N2 emissions. 

Acetylene 
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N2O produced 

Non Acetylene 
= 

N2O + N2 produced 

Acetylene – Non Acetylene 
= 

N2 Produced 
*Only N2O concentrations were measured.  Since Acetylene inhibits N2O to N2 reduction, this is how we estimate N2 production.   

Carbon	Quality	

•  We hope to learn more about the percent of added nitrate that is converted to 
nitrous oxide. 

•  DNA extraction and sequencing will be done in order to determine what genes 
are present in the microbial community. 

•  13C will be added and stable isotope probing will be used in order to assess 
which microbes are able to utilize organic carbon compounds of varying 
qualities.   
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Fig 1. Mean denitrification rates of Lux Arbor marginal land soil enriched with 0.16% N-NO3 (w/w).  Samples also received (1.a) butyrate 
concentrations ranging from 0.3125 % - 5.0 % total organic carbon (TOC) and (1.b) mannitol concentrations ranging from 1.25 % - 10.0 % total 
organic carbon..  Denitrification rates were also assessed when enriched with 0.0017 % N-NO3 (w/w) but denitrification rates were undetectable.   
A – D denotes significant differences. P< 0.001 and N=4 across all concentrations. 

Methods Introduction 

References 

Denitrification 

Main Questions 

Future Plans 

Conclusion 

Figures 
A 

B 

B 

C 
D D 

Acetylene 
Non-Acetylene 


