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Dynamics of CO2, CH4 and N2O
concentrations throughout deep soil profiles

in Eucalypt plantations subjected to
contrasted rainfall regimes: consequences on

soil effluxes
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The major factors driving greenhouse gas exchanges in forest soils (substrate supply, temper-
ature, water content) vary with soil depth. Our study aimed to assess the effects of clear-cutting
and drought on the temporal variability of CO2, CH4 and N2O fluxes throughout very deep soil
profiles in Brazilian eucalypt plantations conducted in coppice. Stands with 37% of throughfall
excluded by plastic sheets (-W) and stands without rain exclusion (+W) were compared. Every
two weeks for 21 months, CO2, CH4 and N2O surface effluxes were measured using the closed-
chamber method and concentrations in the soil were measured at 7 depths down to 15.5 m in
-W and +W. At most measurement dates, CO2, CH4 and N2O effluxes at the soil surface were
not significantly different between -W and +W. Mean CO2 and N2O concentrations in -W were
20.7% and 7.6% lower than in +W, respectively, across the sampling depths. By contrast, CH4
concentrations in -W were 44.4% higher than in +W throughout the soil profile. Across the
two treatments, CO2 concentrations increased from 4446 ± 2188 ppm at 10 cm deep to 15622
± 3523 ppm at 15.5 m, CH4 concentrations increased from 0.41 ± 0.17 ppm at 10 cm deep to
0.77 ± 0.24 ppm at 15.5 m and N2O concentrations remained roughly constant and were on
average 478 ± 55 ppb from the soil surface to 15.5 m deep. A modeling approach (using the
Min3P and Root Typ models) showed that the amount of water filling soil porosity accounted
for a large share of the difference in gas concentration between +W and –W, and pointed out
the consequences of throughfall exclusion on the areas of CO2 production throughout the soil
profile. Improving our understanding of the spatiotemporal dynamics of gas concentrations in
deep soil layers is important to improve the current biogeochemical models predicting the effect
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of drought periods on greenhouse gas effluxes in eucalypt plantations established in deep tropical
soils.
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