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Effect of Soil Dry Bulk Density on CO,, CH, and N,O Emissions
Toshihiro DOI!, Junko NISHIWAKI?, Masakazu KOMATSUZAKI? and Kosuke NOBORIO**

Abstract

The greenhouse gas flux from agricultural fields is related to gas production and migration in the soil. The
primary mechanism of gas migration in soil is gas diffusion. Gas diffusion is influenced by porosity, volumetric
water content, and other physical properties of soil. High soil water content inhibits gas diffusion and dissolves
gases in soil water. Rewetting dry soil causes a large gas flux because of the rapidly increasing microbial respi-
ration. Understanding the effect of soil physical properties on gas behavior in rewetted dry soil is essential for
accurately estimating gas flux from the soil to the atmosphere. The present study was designed to investigate
the effects of varying dry bulk densities on the dynamics of CO,, CHy4, and N,O gases in rewetted paddy soil en-
vironments. A column experiment used air-dried grey lowland soil in a constant-temperature room. After we
added water only once at the start of the experiments to the columns with three types of dry bulk density (p;=
0.89, 0.96, and 1.05 g/cm3), we measured the gas concentration in the columns and gas fluxes at the soil sur-
face for 5 d. After the water supply, the CO, and N,O gas fluxes increased from the rewetted dried soil in all
columns. In contrast, CH, gas flux did not increase in these columns. Under the p;=1.05 condition, the total
CO, and N,O gas fluxes were smaller than those under the other dry bulk density conditions. This evidence
suggests that high soil bulk density inhibits gas diffusion in the surface soil and reduces gas efflux into the at-
mosphere after water is supplied to the air-dried soil.
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Fig. 1 Schematic diagram of an experimental soil column.
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Table 1 Gases’ properties used in Eq. (1).
CO, CH, N,O
Qs unit| mgCm~-2h-! ugNm-2h-1
pe  11.977(mgCm~3) | 0.717 (ugCm~3) | 1.978 (ugNm~3)
by 12/44 12/16 28/44

ugCm~-2h-1

Do py (SEEHEIRRED /T 2% & (CO2: mg Cm~2, CHy:
ug Cm~2, N,O: ugNm-2) Tah b, b,i% CO, CHy I5
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72 LA AR O G HIEE T A7 Z v 7 ADR
BERBRICH A7 < 757 %fi- TCO, CHy $3
FUNOREZ T L 7o LEPOEEE KRS &
UHR 13K 5 #ijR % — (5TE, Decagon) TilllE
L, #HIE@its —x% a4 — (Emb0, Decagon) T5
T LIRS L o, By — 3R E 3-8 cem, 12-17
cm, 23-28 cm O HFITHE L, TN XN OEREEK
I LU MR O PEE 2 P 5.5, 14.5, 25.5 cm D
L L7,
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Table 2 Constants in Eq. (1).

CO, CH, N0
A 5.75x10-10 7.04x10-10 5.34x10-10
B 1.81 1.83 1.82

T ZIRELGREL Dy DEIZ LA T O K 6 (1998) O %
MHWTHEE L7,

Dy=AT5 (3)
CCZ T, Dyidlatm (101.3kPa) iZRiF 5225 b0
N 2REER L (m2s~1), TidH ARE (K) THO,
ALBRTAMIC L > TRELZEMTH % (Table
2), ABFFETIE, (2)&B)XEHWTD,/Dy % HH
L7

D,_ 1< é@
D, AT® Qun 7¢ @

JeATHF7¢ & WLR-Marshall model (Moldrup ef al.,
2000) & D-C GMP model (Deepagoda ef al., 2011)
EHWT, AR TREL/2ETIVA (L) D Dy/Dy %
gt K OHEGEE L /2.
D, €
WLR-Marshall model : —==¢32 (— | (5)
D, ]

D-C GMP model :

%%=01&2(%f004(%>} (6)

ZZT, eldEHE mPm3), ¢ FHEFEE (m3m3)
TH 5o
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Fig. 2 Variations of Air ratio, Volumetric water contents and soil temperature.
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Fig. 3 Variations of CO,, CH, and N,O gas fluxes after water
supply.
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Fig. 4 Variations of CO,, CH, and N,O gas concentrations after water supply.: CO, ((a) 2 cm (b) 11 cm (c) 22 cm), CH,((d) 2 cm (e)

11cm (f) 22cm), N,O ((g) 2cm (h) 11cm (i) 22 cm)
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Fig. 5 Relationships between Cumulative gas fluxes of CO,, CH, and N,O and dry bulk density.
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