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Respiration Pathway Studies 

Abstract 

Isotopic ratio measurements of soil-respired CO2 can provide a wealth of insight into soil-level 
carbon-cycle processes that is not available using bulk CO2 measurements alone. Soil 
contains substantial amounts of carbon, and can contribute CO2 to the atmosphere through 
various respiration pathways. Isotopic analysis can distinguish autotrophic root and 
rhizosphere respiration from heterotrophic respiration due to the catabolism of soil organic 
matter (SOM). Because of this, researchers have shifted their efforts toward the use of natural 
abundance and tracer isotopic techniques in ecosystem respiration studies. However, recent 
experimental and theoretical evidence indicates that these traditional techniques yield biased 
estimates of the soil isotopic flux, largely owing to disturbances to the soil’s natural diffusive 
regime. To help eliminate these biases, we have developed a new technique called Isotopic 
Forced-Diffusion (Iso-FD). The Isotopic Forced-Diffusion technique integrates a Forced 
Diffusion dynamic chamber with a cavity ringdown spectrometer measuring δ13C-CO2, which 
are operated together as an integrated unit. The system produces real-time, high temporal 
resolution isotopic soil efflux data. Here we present the theory behind this technique and 
preliminary laboratory and field data.  
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Iso-FD 
Iso-FD utilizes a passive membrane-based approach to regulate the flow of gas from 
the soil, through the chamber and out to the atmosphere. Careful characterization of 
the membrane and chamber properties (G) allows the calculation of soil gas flux based 
on the concentration of gas in the chamber (Ccham), and in the ambient atmosphere 
(Catm): 

For soil gas isotopologue flux estimates (“IsoFlux”), the Iso-FD approach relies on the 
constant diffusive fractionation factor between two isotopologues (i.e., 12CO2 and 
13CO2). This constant relationship means the membrane gas transport properties are 
simplified for IsoFlux, eliminating potential error due to calibration, chamber geometry 
and environmental factors such as temperature: 

Where h and l refer to the heavy and light isotopologues of a gas, and alpha (α) is the 
diffusive fractionation factor (i.e., 1.0044 for 12CO2 and 13CO2).  

Physically, Iso-FD chambers consist of two separate cavities; one that exchanges only 
with the atmosphere through the side membranes, and one that exchanges gases with 
the soil and atmosphere. These cavities are coupled to a Picarro gas analyzer 
(typically via a valving system) and the concentrations of the two cavities are measured 
consecutively, along with isotopic standards which are used for drift correction.  

Experimental Crop Rotation: CO2 Flux & IsoFlux Data 

After laboratory testing, the Iso-FD chambers were deployed at an experimental crop rotation site in 
plots of Vetch and Wheat. Shown above is the relative flux (unitless) for both crops during the week-
long deployment. Most notably, the flux quadruples for each crop after the first rain event. The soils 
at the site were very moisture stressed at this point, with no rainfall for more than 20 days. Shown 
below are the IsoFluxes for the same period. While there is not a significant amount of transient 
behavior in the IsoFluxes, they do show that the soils of the vetch plot output more enriched isotopic 
signatures, suggesting that substrate usage is less restricted (probably due to higher N availability).  

Laboratory Testing 

� 

Flux = G(Ccham −Catm )

� 

IsoFlux =
Gh (Ccham

h −Catm
h )

Gl (Ccham
l −Catm

l )
=
1
α
(Ccham

h −Catm
h )

(Ccham
l −Catm

l )

Soil Flux In 

Soil Flux Out Soil Flux Out 

Atmospheric 
Exchange 

Atmospheric 
Exchange 

Girdling Study 

For more details see the Iso-FD Publication (DOI: 10.1016/j.soilbio.2013.03.010) 
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In order to evaluate the performance of the Iso-FD technique we performed a laboratory 
experiment in which non-steady state isotopic transport would occur. The Iso-FD chambers 
were deployed on an experimental apparatus and the flux was instantaneously doubled, 
causing non-steady state changes to the isotopic signature of flux. 

The figure above shows the correspondence between modeled and measured data. Shown 
in blue-green is the expected isotopic flux (modeled) and the IsoFlux measured by the Iso-
FD chamber is shown as green square symbols. Even with a relatively small (~2‰) shift in 
the isotopic signature caused by disequilibrium the Iso-FD measurement was stable and 
precise enough to resolve the full effect. Moreover, as equilibrium is reestablished the 
IsoFlux measured by the Iso-FD technique becomes quite stable (σ=0.16‰, n=4). 

Experimental Crop Rotation: CH4 Flux Data 
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For the majority of the monitoring period, relative CH4 fluxes (unitless) were negative, indicating the 
soil was a CH4 sink. Before the first rainfall event all fluxes were of similar magnitude but each crop 
displayed a different post-rain behaviour. In general the Wheat crop began to uptake more methane 
when the soil was moistened whereas the Vetch showed both increased CH4 uptake as well as 
transient emissions. Interestingly after the second rain event, the Vetch also showed a large 
negative uptake of CH4 possibly due to an initial “activation” by the first rainfall followed by a priming 
effect during the next rainfall. Unfortunately we are unable to draw any conclusions from the 
methane IsoFlux data due to the low methane fluxes observed here. 
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Conclusions 

Iso-FD performed excellently under lab conditions with good 
precision and minimal error. 

The system is extremely practical, with a total setup time of 1 hour 
and no data loss during a ~1 week period. 

We were able to detect both temporal and crop-related differences 
in the Vetch and Wheat IsoFluxes 

Iso-FD chambers and the Picarro analyzer provided continuous, 
real-time measurements of CO2 and CH4 in the field. 


