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Investigation of changes in soil CO2 concentration by using compact buried tubing

soil gas monitoring system

Chihiro KATO1, Hiromi IMOTO1, Taku NISHIMURA1 and Tsuyoshi MIYAZAKI2

Abstract: Authors developed compact soil gas monitor-

ing system which consisted of gas-permeable silicone rub-

ber, a non-dispersive infrared CO2 gas sensor and galvanic

cell O2 sensor for the purpose of evaluating changes in

soil CO2 concentration in fields. In this study, 0.5-mm-

thick silicone rubber sheet was used for CO2 sensing tube,

which was reinforced with plastic and stainless mesh pipes.

Time required to reach 95 % equilibrium of CO2 concen-

tration of 0.5-mm-thick silicone rubber tube was 104 min-

utes, while that of 4-mm-thick tube, which reported pre-

viously, was 1175 minutes. The constructed system was

buried in agricultural bare field and continuous monitor-

ing of soil CO2 concentration was conducted through a

year. Since an amplitude of seasonal changes in soil tem-

perature in agricultural field is relatively large, e.g., >25
◦C at depth of 10 cm in this study field, temperature de-

pendence of NDIR CO2 sensors was investigated. After

temperature correction and calibration, monitored results

agreed with the soil CO2 concentration which was mea-

sured by conventional gas sampling method. Monitored

data showed seasonal and daily changes in soil CO2 con-

centration accompanied with changes in soil temperature.

Quick response to increase in soil CO2 concentration fol-

lowing each rainfall event was also observed. Simultane-

ous decrease in O2 concentration suggested that microbial

activity could be dominant factor of increase in soil CO2

concentration caused by rainfall.
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Fig. 1 4 mm 0.5 mm

4 mm and 0.5 mm thick silicone rubbers.
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Fig. 2 C-BT-GMS

Outline of C-BT-GMS.
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Fig. 3 CO2

Changes in CO2 concentration in the silicone tube in the atmo-

sphere and submerged into water.

Fig. 4 C-BT-GMS
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Changes in 4-hour averaged temperature of inside of the constant

temperature chamber, silicone tubes and around data logger. Val-

ues are missing from 30th Oct. to 3rd Nov.).

Fig. 5 CO2
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Relationship between temperature and output of CO2 sensors
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Fig. 6 25 CO2 CO2

Relationship between CO2 concentration and output of NDIR

CO2 sensors under 25 condition.

Fig. 7 CO2

O2 N2 0 b

N2 2 20 .

Changes in outputs of CO2 and O2 sensors during and after sub-

stitution of air in the silicone tube with N2 gas. (b) is the

extension of the beginning of substitution. 0 [min.] is the time

when injection of N2 gas was started.
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Table 1 2010 10 2011 3 10, 20, 50
cm
Monthly averaged soil temperature at depths of 10 20, and 50
cm from Oct. 2010 to Mar. 2011.

Oct. Nov. Dec. Jan. Feb. Mar.

(2010) (2011)

10 cm 18.4 11.4 7.2 3.0 5.2 7.7

20 cm 19.3 13.0 9.0 4.9 5.8 7.9

50 cm 20.3 15.3 11.6 8.0 7.4 8.6

Table 2 2010 10 2011 3 NDIR CO2

CO2

RMSE [CO2%] RMSE CO2

[%]
RMSE of CO2 concentration between with and without tempera-
ture correction [CO2%]. Values in bracket show the ratio [%] of
RMSE to soil CO2 concentration.

Oct. Nov. Dec. Jan. Feb. Mar.

(2010) (2011)

10 cm
0.0206 0.0140 0.0121 0.0446 0.0401 0.0351

(9.09) (10.3) (11.0) (158) (64.6) (36.3)

20 cm
0.0183 0.0279 0.0299 0.0410 0.0389 0.0346

(3.39) (7.59) (7.27) (22.5) (18.1) (8.38)

50 cm
0.0121 0.0229 0.0232 0.0351 0.0396 0.0332

(1.51) (4.04) (3.88) (8.01) (8.38) (6.21)
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Fig. 9 10 cm CO2 O2

Response of soil CO2 and O2 concentration to soil temperature and moisture at depth of 10 cm.
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