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CO2 efflux from the litter surface comprises 50-80% of ecosystem respiration and consists of respiration from roots and associated mycorrhizae, and from heterotrophic microbes using root exudates, recent and older organic material as an energy substrate.  This flux is commonly called ‘soil respiration’ or soil surface CO2 efflux.  Instantaneous flux rates range from 0.3 mol m-2 s-1 for low productivity ecosystems in winter to >10 mol m-2 s-1 for high productivity ecosystems during the growing season.

Soil respiration measurements can be used to (1) partition ecosystem respiration measurements into different components to further process-based understanding, (2) as a large component of comparing chamber-based measurements with eddy-covariance measurements, (3) to estimate belowground allocation, and (4) to understand fluxes for measurements made for plot-scale studies where eddy-covariance measurements are not feasible.  Accurate measurements of the contribution of soil respiration to carbon dioxide exchange are critical for reducing uncertainties in the carbon budget.   There is also a need to improve understanding of mechanisms controlling soil CO2 fluxes through experimentation to advance models that provide continuous estimates of fluxes and processes contributing to net ecosystem exchange of CO2.  

Chamber-based measurements of soil respiration are most common.  These are difficult at an individual location because low resistance to diffusion and the possibility of turbulent transport makes it easy for the chamber to disturb the high reservoir of CO2 inside the soil and litter pore space and change apparent flux.  Soil respiration measurements are also difficult because fluxes vary greatly in space (in response to differences in soil and vegetation conditions) and time (in response to differences in environment and phenology).

The proposed protocol uses large (25 cm inside diameter), permanent soil collars, and a closed system (Field 1991) gas exchange measurement, with a measurement protocol similar to that used by the current LiCOR LI-6400 measurement system and soil chamber.  The advantages of this approach are (1) the large chambers sample 6x the area of the standard LiCOR chamber and reduce within-plot variability (from a CV of ~100% to ~25% in a recent study (Ryan et al. unpublished data);  (2) fixed chamber locations all separation of environmental variability from spatial heterogeneity;  (3) simple, quick measurements enable the rapid sampling of spatial heterogeneity and allow the detection of flux differences among treatments, or different vegetation conditions; (5) the closed system measurement is reliable for many soils (Butnor et al., In review), although it tends to underestimate fluxes that have a deep porous litter layer or the soils themselves are very porous; and (6) scrubbing the CO2 to below ambient prior to measurement and measuring CO2 through ambient has been shown to reduce bias from the accumulation of CO2 in the chamber headspace (although this effect may be low for most measurements).  Disadvantages of the method are that measurements and models need to be developed to extrapolate between the point measurements in time, installation of collars may damage roots and time is needed for recovery, and the closed system approach can underestimate fluxes for some conditions. 

Materials:
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Collars are made from 10” (25 cm) inside diameter white sewer pipe, with a bevel on the end to be inserted into the litter.  Collar height is designed so that the lower part of the collar contacts a dense portion of the soil surface to minimize advective air flows and the upper portion is 5 cm above the litter surface.  Typically, the collar is inserted through the litter layer until the bottom contacts the mineral soil.  We use cheap serrated knives to cut the litter around the collar and then insert the collar through the cut slot.  We use a rubber mallet and a short piece of 2x4 on top of the collar to seat it into the mineral soil.
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Measurements are made using a homemade gas analysis system, with control provided by a Campbell data logger (23x or 10x) and the LiCOR 820 gas analyzer.  The chamber is made from a PVC sewer pine end cap designed to fit the collar pipe.

Collar Location:

Collars should be positioned using an unbiased method.  We generally select a direction and distance from the plot center.  Large logs and rocks should be avoided, as they make getting a seal difficult.  If large logs and rocks are a substantial fraction of the surface (>10%), their area should be determined and the area represented by the collar samples adjusted during extrapolation because CO2 will not diffuse through rocks or logs and will surface elsewhere.

Measurements:
The closed system estimates flux by measuring the rate of increase in CO2 concentration (mol mol-1 s-1).  Flux is calculated by knowing the volume of air in the chamber (mol) and the surface area covered by the chamber.   Temperature and pressure and collar dimensions must be known to calculate the molar volume of air in the chamber.  Nominal volume is calculated using the volume of the chamber plus tubing plus LiCOR gas path (a constant) plus the volume of the collar above the litter (varies from collar to collar). 

 First, face the chamber in the direction of the prevailing wind, and measure ambient (air) CO2 concentration.  CO2 concentrations in the chamber should center around this value, but in practice, this is difficult to achieve given variability in flux rates.  Select the lower bound for CO2 concentration during the scrub.  Higher fluxes require a low value.  Select the delay time to account for scrub overshoot.  Then, select the time for measurement (we generally use 90 s).  While LiCOR recommends averaging 2-3 readings per collar, we have found this variability trivial compared to the variability among collars; so, we take one measurement per collar per sampling trip.

Soil (and perhaps litter) moisture and soil temperature (10 cm depth) are also measured for each chamber.
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