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addition, the estimated soil CO, efflux obtained by this improved method is well
described by an exponential function of soil temperature at a depth of 0.05 m with the
temperature sensitivity (Q,,) of 1.81 and a linear function of soil moisture at a depth of
0.12 m, in general agreement with previous findings. These results suggest that the
gradient method emerges as a practical cost-effective mean to measure soil CO,
emissions. Results from the present study suggest that the gradient method can be
used successfully to measure soil CO, efflux provided proper attention is paid to the
judicious use of the proper diffusion coefficient.

I Introduction |

< Concerns over global climate change have generated an interest in quantifying
the role of agricultural soils as sources/sinks of atmospheric CO,.

< This incentive has spurred research in evaluating soil carbon budgets and in
elucidating the factors influencing soil carbon storage in agricultural ecosystems
(Lokupitiya and Paustian, 2006; Van Oost et al., 2007).

< Small changes in soil CO, released to the atmosphere can potentially contribute
to a positive feedback between increasing temperature and enhanced soil CO, efflux
as this can play a role in global warming.

“+ Reducing uncertainties associated with measurements of soil CO, are needed to
improve the robustness of the carbon budget of terrestrial ecosystems.
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Fig.3 Soil CO, gradient system.

+ GMP343 (Vaisala Corp., Vantaa,

I Objectives |

Soil CO, efflux-chamber method

% To evaluate the feasibility of using the soil gradient method to estimate soil CO,
efflux by comparing estimated soil CO, efflux results from different models in the
relative gas diffusion coefficient calculation with the soil CO, efflux measured using
the Li-8100 soil chamber.

< To understand the soil CO, efflux response to soil temperature (Ts) and soil
moisture (6).

Fig.4 Li-8100 soil CO, flux system

cm survey chamber (Fig. 4).

« Five soil collars were inserted into the soil in the vicinity of the
soil CO, gradient system in the sampling plot.

« Periodic measurements of soil CO, efflux were made using a Li-
8100 soil CO, flux system (Licor, Lincoln, NE) equipped with a 10

« In the present analysis, we used the average of the
measurements across all five collars in the same 30-min period.

I Site, Materials, and Methods |

Results

Non-irrigated peanut field at the SWGA Research and Education Center, Plains, GA (Fig.1).

An automatic weather
station (Fig. 2) monitored
air temperature and RH,
wind speed and direction,
solar radiation and
rainfall.

Fig.2 An automatic weather station

Fig.1 Study site |3
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Results show a better agreement with soil chamber measurements when the
weighted harmonic averaging is used (Fig.5). Furthermore, the six different models were
compared to estimate the relative gas diffusion coefficient. The estimated soil CO, efflux
using the soil gradient method was found to differ between 3 and 173% from the mean of
soil CO, efflux values across all five collars obtained using the soil chamber method
depending on the choice of the model used (Table 1).

Variations in soil CO, efflux were dependent on changes in Ts and 6. The functional

- N Table 1 Summary of parameters describing the linear regression relationships between soil
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< The choice of the relative gas diffusion coefficient model was demonstrated to
be important when the soil CO, gradient method is performed.

<+ The weighted harmonic averaging of soil CO, diffusion coefficient produces the
soil CO, efflux comparable to that of the soil chamber method.

“ The functional relationships of soil CO, efflux to soil temperature and soil
moisture and the existence of hysteresis between soil CO, efflux and soil
temperature from this study are consistent with previous findings, confirming that
the soil gradient method combined with weighted harmonic averaging for diffusion
coefficients can reliably be used to measure soil CO, emissions.

< For the purpose of minimizing errors potentially leading to a low correlation
between soil CO, efflux data obtained using the soil chamber method and the soil
gradient method, the authors recommend that the soil CO, concentration be
measured at several depths to provide more CO, efflux values at various soil levels
to allow the determination of the CO, efflux at the surface.

< The implication from the present study is to combine both the soil chamber
method and the soil gradient method, i.e., to get an average of soil CO, efflux
through multi-spatial samples with the soil chamber method and correct the
continuous point soil CO, efflux measurement of the soil gradient method based on
the linear relationship between the soil CO, effluxes from each method.

relationships of soil C

equation, respectively.

The counterclockwise hysteresis in the relationship between half-hourly soil CO,
efflux and soil Ts at the 0.02 m depth suggests a differential response of soil CO, efflux to
soil warming and to soil cooling (Fig. 6).

0, efflux to Ts and 6 can be described well by exponential and linear
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