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Agricultural soils cover 12.6% of the Earth's surface and 
are essential in food production. Agricultural land can 
either serve as a reservoir of greenhouse gases (GHGs) in 
the soil, or release them into the atmosphere. Accurately 
estimating GHG fluxes from agricultural soils is difficult, 
however, due to the dynamic pattern of emissions that are 
largely driven by environmental factors such as water 
availability. Farming practices, such as mulch application, 
also influence soil GHG emissions. We measured effects 
of mulch application on emissions and isotopic 
composition of two GHGs, CO2 and N2O, in agricultural 
soils by using greenhouse “mesocosms” (soil sample 
columns 70 cm deep and 50 cm diameter that have been 
subjected to a soybean-maize crop rotation since 2012). 
Following a small artificial rain event, we used a novel 
closed-loop method in real-time to collect and measure 
the two GHGs. Both CO2 and N2O emissions increased in 
mulch-covered soils immediately after the rain event, 
while N2O emissions were reduced in bare soils and CO2 
gas was absorbed into bare soils. Response of CO2 and 
N2O emissions in bare and mulch-covered soils to the 
artificial rain event was rapid and quickly returned to the 
background level of emissions prior to the watering event. 
Only CO2 emissions from mulch-covered soils exhibited 
a change in isotopic composition after the precipitation 
pulse, that was indicative of an increase in respiration of a 
C source that was relatively depleted in 13C, e.g., from a C 
source that has a larger proportion of CO2 fixed via C3 
photosynthesis relative to a source fixed by the C4 
pathway of photosynthesis. The high temporal resolution 
of our continuous CO2 and N2O gas measurements 
allowed us to more accurately measure GHG gas flux and 
isotopic composition than intermittent gas sampling that 
resulted in overestimation of GHG gas fluxes. Our results 
indicate that CO2 emissions are predominant in 
agricultural soils and that bare soils can temporarily serve 
as a sink for CO2 following a precipitation event. In 

contrast, mulch-covered soils function as a source of CO2. 

 
Figure 1. Closed-loop chamber method on top of a 
greenhouse mesocosm with mulch application. The two 
inlet and two outlet tubes allow for simultaneous analysis 
of buildup of CO2 and N2O greenhouse gases within the 
closed-loop system. 

Determining Isotopic Composition of 
Dissolved Nitrate Using Bacterial 
Denitrification Followed by Laser 
Spectroscopy 
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Nitrate (NO3
-) pollution is a prevalent problem that can 

cause water quality degradation and eutrophication of 
water bodies. Quantifying the nitrogen and oxygen 
isotopic composition of nitrates will allow for better 
identification of their potential sources, which in turn will 
assist in remediation of contaminated water and the 
designing of future water management practices. In this 
research bacterial denitrification followed by laser 
spectroscopy are used to determine isotopic composition 
of δ15N and δ18O of dissolved nitrates. The objective of 
the project is to establish a standard operating procedure 
(SOP) that outlines the best practices for both methods in 
sequence and designed to be used as a technical guideline. 

Preudomonas aureofaciens is a naturally occurring 
bacterium that lacks nitrous oxide (N2O) reductase 
enzyme which reduces N2O to non-greenhouse gas N2. 
While it is able to convert NO3

- to N2O in the classical 
denitrification pathway, the final conversion to N2 is 
inhibited due to the lack of the reductase enzyme. The 
Preudomonas aureofaciens strain, that is utilized in the 
research, thus allows for determination of both nitrogen 
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and oxygen isotopic composition in the NO3
- ion. The 

subsequent laser spectroscopy is performed using the Los 
Gatos Research Isotopic N2O Laser Analyzer and there is 
no need to be concerned with interference by CO2 and 
H2O. 

The advantages of using the bacterial NO3
- reduction 

prior to laser spectroscopy are that this technique works 
well for a small sample of low NO3

- concentration with no 
extra addition of toxic chemicals. The laser spectroscopy 
method provides robust analysis and can be customized to 
accommodate a large sample through-put. Using both 
methods in sequence forms an experimental procedure 
that is economical, both in time and sample requirements.  

Initial set up and standardization of experimental methods 
are currently being performed. Experiments with varying 
conditions have been carried out to determine ideal 
conditions for Preudomonas aureofaciens’ inoculation 
and growth. Components that have been studied include 
differing autoclave times of medium, medium-bacteria 
concentration, utilization of starter, and availability of 
oxygen during the rapid growth phase. Future work will 
include analysis with the N2O Laser Analyzer and sample 
collection from watershed scale locales affected by NO3

- 
pollution. 

 
Figure 2. Clockwise from top left: (1) Bacterial growth 
on Tryptic Soy Agar (2) Inoculation of bacteria into 
growth medium (3) Concentrated bacterial pellet after 
centrifugation (4) Growth of bacteria in medium after 5-7 
days 
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In our January 2016 Soils Newsletter (see Mabit et al., 
2016), we presented an innovative study conducted in the 
sub-catchment of Mistelbach for testing and validating 
the use of compound-specific stable isotope (CSSI) 
techniques to determine the origin of the eroded soil. The 
experimental design and the sampling strategy, the CSSI 
determination, the selection of the best suitable fatty acid 
fingerprints (i.e. Behenic Acid [C22:0] and Lignoceric 
Acid [C24:0]) as well as the preliminary data analysis 
have been carried out according to the protocol of Gibbs 
(2013).   

Our quantitative assessment obtained with the mixing 
model IsoSources (see January 2016 Soils Newsletter) 
was reinforced by the results from SIAR (i.e. Stable 
isotope analysis in R), a mixing model within a Bayesian 
framework running on R that allows detailed statistical 
information to be obtained. Indeed as highlighted by 
Parnell et al. (2010), IsoSources do not incorporate 
uncertainty and variation and its outputs deliver only a 
range of feasible solutions with no quantification. More 
information on both models i.e Iso-Sources and SIAR can 
be found in Phillips and Gregg (2003) and Parnell et al. 
(2008, 2010), respectively. 

For our case study, the IsoSources results are within the 
range of the SIAR values, confirming the main 
contribution of around 50% to the deposition area (at the 
outlet of the sub-catchment) of the sediment originating 
from the main grassed waterway i.e. the source 4 (see 
Figure 1). 

Our next investigation will focus on a better 
understanding of the soil redistribution and its linkage 
with the historical land use(s) of the four agricultural 
sources of the study area. 
 


