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Abstract

Accurate description of gas diffusivity in undisturbed soil is required for predicting oxygen
transport in cultivated soil and the fate of greenhouse gases and volatile organic chemicals.
Based on measured data for 51 undisturbed soils, we developed three types of pedotransfer models
for soil-gas diffusivity : (i) a model including the effect of pore-size distribution (Campbell type
soil-water characteristic, SWC) ; (ii) a model including the effect of pore-size distribution and
inactive (isolated) air-filled pore space ; and (iii) a simple power function model for use in case
limited SWC data are available. The influence of selecting the reference air-filled porosity at
either —100 and —63 cm of matric potentials (100 and &g) on predicting soil-gas diffusivities was
also examined. The new models were compared with recent predictive models such as the Mil-
lington-Quirk (MQ) model, the Buckingham-Burdine-Campbell (BBC) model, and Macroporosity-
dependent (MPD) model.

The widely-used MQ model generally underpredicted data. The new models as well as the BBC
model and MPD model well predicted the measured soil-gas diffusivities, with the BBC model
performing slightly better. There was no significant effect of including an inactive pore space
term on predicted soil-gas diffusivities. In the new models, there was a tendency that the
equations using €1 as a reference point gave a better prediction of soil-gas diffusivities compared
to the equations using &es.
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Table 1 Soil materials for measuring soil-gas diffusivities (37 Andosols, 9 Yellow soils, and 5 Gray
Lowland soils).

taer  pepin Faricle Bulk - Tabeed sl nae
cm Mgm® Mgm?
1 Gunma Andosol, H Plowed soil 0-5 2.47 0.57 Tsumagoi 3 (Moldrup et al., 2003)
2 (Tsumagoi) (Cultivated) Plow pan 20-25 2.46 0.73 Tsumagoi 1 (Moldrup et al., 2003)
3 Subsurface soil 44-49 2.41 0.61 Tsumagoi 2 (Moldrup et al., 2003)
4 Andosol, H Surface soil 25-30 2.39 0.40 Tsumagoi 6 (Moldrup et al., 2003)
5 (Non-cultivated) Subsoil 76-81 2.82 0.69 Tsumagoi 7 (Moldrup et al., 2003)
6 Andosol Plowed soil 0-20 2.57 0.57 — (Osozawa, 1998)
7 (Cultivated) Plow pan 20-40 2.57 0.76 — (Osozawa, 1998)
8 Subsurface soil 40-60 2.55 0.72 — (Osozawa, 1998)
9 Andosol Plowed soil 0-16 2.56 0.63 — (Osozawa, 1998)
10 (Cultivated) Plow pan 16-21 2.56 0.77 — (Osozawa, 1998)
11 Kanagawa Andosol, H Plowed soil 0-5 2.51 0.79 Miura 1 (Moldrup et al., 2003)
12 (Miura) (Cultivated) Plowed soil 30-35 2.50 0.71 Miura 2 (Moldrup et al., 2003)
13 Subsurface soil 50-55 2.68 0.49 Miura 3 (Moldrup et al., 2003)
14 Andosol Plowed soil 0-5 2.66 0.67 Miura 4 (Moldrup et al., 2003)
15 (Cultivated) Plow pan 30-35 2.52 0.62 Miura 5 (Moldrup et al., 2003)
16 Ibaraki Andosol, H Plowed soil 0-20 2.57 0.75 Ap 1 (Osozawa & Hasegawa, 1995)
17 (Tsukuba) (Cultivated) Plow pan 20-37 2.28 0.71 Ap 2 (Osozawa & Hasegawa, 1995)
18 Subsurface soil 37-79 2.75 0.55 2B1 (Osozawa & Hasegawa, 1995)
19 Subsurface soil 79-108 2.75 0.57 3B21 (Osozawa & Hasegawa, 1995)
20 Tokyo Andosol Plowed soil 5-10 2.61 0.77 —
21 (Nishi (Cultivated) Plowed soil 5-10 2.61 0.79 —
22 Tokyo) Plowed soil 5-10 2.61 0.80 —
23 Subsurface soil 45-50 2.68 0.51 —
24 Subsurface soil 45-50 2.68 0.52 —
25 Subsurface soil 45-50 2.68 0.60 —
26 Andosol Plowed soil 10-15 2.73 0.67 —
27 (Cultivated) Plowed soil 10-15 2.63 0.62 —
28 Plowed soil 10-15 2.66 0.62 —
29 Andosol Surface soil 5-10 2.61 0.84 —
30 (Pasture) Surface soil 5-10 2.56 0.80 —
31 Surface soil 5-10 2.60 0.76 —
32 Kumamoto Andosol, H Plowed soil 4-9 2.45 0.74 Kyushu 1 (Moldrup et al., 2003)
33 (Cultivated) Plowed soil 25-30 2.59 0.56 Kyushu 2 (Moldrup et al., 2003)
34 Plowed soil 45-50 2.62 0.52 Kyushu 3 (Moldrup et al., 2003)
35 Andosol, H Plowed soil 3-8 2.53 0.61 Kyushu 4 (Moldrup et al., 2003)
36 (Cultivated) Plowed soil 17-22 2.58 0.81 Kyushu 5 (Moldrup et al., 2003)
37 Plowed soil 45-50 2.58 0.75 Kyushu 6 (Moldrup et al., 2003)
38 Yellow soil Plowed soil 3-8 2.69 1.33 — (Osozawa, 1998)
39 (Cultivated) Subsurface soil 15-20 2.79 1.58 — (Osozawa, 1998)
40 Gray Lowland soil Plowed soil 5-10 2.68 1.07 KyuGL 1 (Moldrup et al., 2003)
41 (Cultivated) Plow pan 22-27 2.68 1.37 KyuGL 2 (Moldrup et al., 2003)
42 Gley horizon 73-78 2.67 0.95 — (Osozawa, 1998)
43 Buried humic soil  78-83 2.42 0.32 KyuGL 3 (Moldrup et al., 2003)
44 Saitama Gray Lowland soil Plowed soil 0-5 2.69 1.05 KounosuGL (Moldrup et al., 2003)
(Kounosu) (Paddy field)
45 Aichi Yellow soil Plowed soil 0-18 2.66 1.24 Yellow 1 (Moldrup et al., 2004)
46 (Toyohashi) (Cultivated) Plowed soil 18-36 2.66 1.52 Yellow 2 (Moldrup et al, 2004)
47 Plowed soil 36-70 2.66 1.37 Yellow 3 (Moldrup et al., 2004)
48 Yellow soil Plowed soil 0-13 2.64 1.17 Yellow 4 (Moldrup et al., 2004)
49 (Cultivated) Plowed soil 13-20 2.66 1.45 Yellow 5 (Moldrup et al, 2004)
50 Subsurface soil 20-27 2.68 1.45 Yellow 6 (Moldrup et al., 2004)
51 Subsurface soil 27-60 2.61 1.38 Yellow 7 (Moldrup et al., 2004)

*H=highly humic soil.
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Table 2 Soil physical parameters for soil materials.

No. Site Soil* Depth Total porosity © E100 E63 Campbell b
m’m 3 m®m ? m®m ?
1 Gunma Andosol, H (Cultivated) 0-5 0.77 0.34 0.32 8.5
2 (Tsumagoi) 20-25 0.71 0.08 0.08 18.5
3 44-49 0.75 0.06 0.05 13.9
4 Andosol, H 25-30 0.83 0.28 0.26 10.8
5 (Non-cultivated) 76-81 0.76 0.17 0.17 34.7
6 Andosol (Cultivated) 0-20 0.78 0.35 0.34 9.2
7 20-40 0.71 0.17 0.15 12.7
8 40-60 0.72 0.13 0.12 17.3
9 Andosol (Cultivated) 0-16 0.75 0.36 0.34 7.7
10 16-35 0.70 0.17 0.14 16.3
11 Kanagawa Andosol, H (Cultivated) 0-5 0.69 0.22 0.10 9.4
12 (Miura) 30-35 0.72 0.27 0.18 7.7
13 50-55 0.82 0.23 0.18 15.1
14 Andosol (Cultivated) 0-5 0.75 0.32 0.23 9.3
15 30-35 0.75 0.28 0.22 9.3
16 Ibaraki Andosol, H (Cultivated) 0-20 0.71 0.29 0.27 8.3
17 (Tsukuba) 20-37 0.69 0.20 0.16 9.0
18 37-79 0.80 0.16 0.13 23.7
19 79-108 0.79 0.15 0.13 17.3
20 Tokyo Andosol (Cultivated) 5-10 0.71 0.11 NM** 10.1
21 (Nishi Tokyo) 5-10 0.70 0.14 NM** 13.4
22 5-10 0.69 0.14 NM** 11.8
23 45-50 0.81 0.20 NM** 12.3
24 45-50 0.81 0.19 NM** 14.0
25 45-50 0.78 0.24 NM** 10.1
26 Andosol (Cultivated) 10-15 0.75 0.31 0.29 7.6
27 10-15 0.76 0.34 0.32 7.2
28 10-15 0.77 0.36 0.34 7
29 Andosol (Pasture) 5-10 0.68 0.12 0.10 16.8
30 5-10 0.69 0.14 0.12 16.2
31 5-10 0.71 0.19 0.17 12.0
32 Kumamoto Andosol, H (Cultivated) 4-9 0.70 0.14 NM** 12.7
33 25-30 0.78 0.09 NM** 40.8
34 45-50 0.80 0.10 NM** 28.0
35 Andosol, H (Cultivated) 3-8 0.76 0.37 NM** 10.1
36 17-22 0.69 0.20 NM** 14.4
37 45-50 0.71 0.20 NM** 12.4
38 Yellow soil (Cultivated) 3-8 0.50 0.08 NM** 20.0
39 15-20 0.43 0.07 NM** 29.0
40 Gray Lowland soil 5-10 0.60 0.33 NM** 14.7
41 (Cultivated) 22-27 0.49 0.10 NM** 20.5
42 73-78 0.64 0.09 NM** 28.3
43 78-83 0.87 0.07 NM** 27.5
44  Saitama Gray Lowland soil 0-5 0.61 0.21 NM** 14.0
(Kounosu) (Paddy field)
45 Aichi Yellow soil (Cultivated) 0-18 0.54 0.31 0.29 8.0
46 (Toyohashi) 18-36 0.43 0.15 0.14 14.3
47 36-70 0.49 0.20 0.18 12.9
48 Yellow soil (Cultivated) 0-13 0.56 0.30 0.28 7.4
49 13-20 0.46 0.19 0.17 11.0
50 20-27 0.46 0.07 0.06 23.3
51 27-60 0.47 0.10 0.09 14.3

*H=highly humic soil. **NM=not measured.
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B-2 RO R ARERE D/ Dy & K e OBALR
kL 51, MIERC361 (B4~ 4259, #fut 69, KE{EHIT 33)
Fig. 2 Relative soil-gas diffusivity D,/D, as a function of air-filled porosity e.
Data for 51 soils and 361 measurements (259 Andosols, 69 Yellow soils, and 33 Gray Lowland

soils).
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Table 3 A list of &4, A, and B of model expressions for relative soil-gas diffusivities D,/Dy=A(e/e4)".

Ex A B

MQ model* O] (O3 10/3

BBC model** O] ®? 2+3/b

MPD model*** €100 2.0051003+0.0466100 2+3/b
Model I-a E100 1 .9281003“1‘0.066100 2+3/b
Model I-b E63 1 .658633+0 . 05653 2+3/b
Model II-a €100 2.35 (810070.05)3 +0.13 (610070.05) 2+3/b
Model II-b E63 1.98 (es3—0.05)% +0.11 (ge3—0.05) 2+3/b
Model IlI-a E100 1 .9261003 +0. 068100 2.2

Model III-b €63 1.65€e65°+0.05e63 2.2

*Millington and Quirk (1961) **Buckingham-Burdine-Campbell model (Moldrup et al., 1999)
***Macroporosity-dependent model (Moldrup et al., 2000)
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. . » = {1.92(£100)° +0.06 (£100) } (&/€100) > (10
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Fig. 3 (a) Relative soil-gas diffusivity D, 100/Do as a function of air-filled porosity at ¥=—100cm &jp, 51
measurements (37 Andosols, 9 Yellow soils, and 5 Gray Lowland soils), and (b) relative soil-gas
diffusivity D, ¢/Do as a function of air-filled porosity at U=—63cm &g, 32 measurements (25
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Dotted and solid lines are polynomial regression curves for Model I-a, I-b and II-a, II-b,
respectively.
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Fig. 4 Scatterplot comparison of predicted and measured soil-gas diffusivities for each model.
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Fig. 5 Comparison of four predictive models for soil-gas diffusivities with measured data.
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Fig. 6 Scatterplot comparison of predicted and measured soil-gas diffusivities for each model.
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