BESSE (] Agric. Meteorol) 51 (2): 145—-152, 1995

POE & &2 F o~ 72 L BEPRIRE FE D € 7L

INFREW - B F A
(@RAFTEEEARRRTER)

A Study on Modeling of Soil Respiration by the Technique
of Chemical Kinetics

Tomoaki Komor: and Hirakazu SEk1

<Department of Civil Engineering, Faculty of Technology, Kanazawa University)
2-40-20, Kodatsuno, Kanazawa, 920 Japan

Abstract

Experiments of soil respiration are made using a soil sample mixed with a proper amount of
compost in laboratory scale. Considering CO, generation and diffusion processes, it is explained
that the rate of soil respiration does not depend on the oxygen concentration in the soil because
the size of moist compost particles is as small as 44 #m on average. It means that the rate of soil
respiration does not depend on the depth from the surface but depends on time only. Based on
the above idea, an analytical solution of the unsteady diffusion equation is obtained and a
method for estimating the rate of soil respiration by applying the experimental results of CO,
concentration in the soil is discussed. Following a manner of chemical kinetics, it is found out
that the rate of soil respiration is proportional to the mass of compost introduced and the Qo
value representing the temperature dependence of soil respiration is about 2.5 on average, which
is smaller than the value 3.0 obtained by Monteith et al.

The theory of estimation of soil respiration and the procedure to make up an experimental
equation proposed here will be useful to get the basic information before investigating the pre-

vention of snow mold.
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Fig. 1. Particle size accumulative curves of the sample soil
and compost.
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Fig. 2. Experimental apparatus.
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Table 1 Average temperature, volume, mixing ratio of compost to soil,
moisture content and gas filled porosity of mixed soil samples.

Run  Average Volume Soildry Compost Mixingratio Moisture Gas filled

temperature mass d.ry mass content porosity
T[C]  Vm®] M[kg] Mlkg]l Mc/M[%] w[-] g1
1 23.0 0.0540  45.89 1.96 4.27 0.264 0.427
2 20.0 0.0540 50.32 1.03 2.05 0.231 0415
3 17.0 0.0637  59.12 1.83 3.10 0.232 0.410
4 2.5 0.0637  55.34 243 4.39 0.296 0.386
5 2.5 0.0637  57.83 1.87 3.23 0.288 0.371
6 2.5 0.0637  60.04 1.24 2.07 0.278 0.363
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Fig. 4. Relation between the ratio of dissolved
oxygen concentration at the center to that at
the surface of a moist compost particle 0o/Og
and its radius R.
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Table 2 Relation between the experimental re-
sults of the total amount of CO, generation
during the experiment with the estimated results
from @(j).

Experimental results Calculated results
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Fig. 6. Calculated results of the rate of CO, generation

O (j) with time ¢.
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Table 3 Estimated results of ky, k,, 7,0 and m,,.
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&L o7,
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N
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Cx [kg-dry compost/m3]
Fig. 8. Relation between the rate of soil respira-

tion in the steady-decomposition period @, and
the amount of compost introduced Cy.
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