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Calorimetric Analysis of the Effects of
Soil Stress Compound on Soil-Microbial Activity

— Suppressive Effects of Sodium Chloride on Glucose Assimilation —
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Process of glucose assimilation by soil microbes and stressing effect of sodium chloride
on the assimilation were quantitatively analyzed by a calorimetric method. One-tenth mmol
glucose was added to 10 g of paddy, upland, and orchard soils in the absence and presence of
various concentrations of sodium chloride, and the assimilation heat was recorded at 25 C.
The heat-evolution curves were successfully analyzed on the basis of the Gompertz model.
The effects of sodium chloride on the assimilation were evaluated by measuring the change in
Gompertz parameters. Among the parameters, the time 7/, at which half of the total heat evolution
completed, and the time M at which the heat-evolution rate reaches to the maximum were suitable
for accurate evaluation of the inhibitory effects of sodium chloride. The 50 % inhibitory concentration
K; of sodium chloride for the paddy, upland, and orchard soils were evaluated to be 3.9, 3.5,
and 6.7 %, respectively, and the minimum inhibitory concentration MIC were 6.9, 6.7, and 12
%, respectively. This novel method can be a standard one for evaluating soil pollution and
remediation using assimilation activity of microorganisms including nonculturable ones as a probe.

Keywords: Assimilation process; Calorimetry; Gompertz model; Soil microorganisms;
Soil stress compound
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Fig.1 Thermograms of carbon-source assimilation by

soil microorganisms. (a): (1) Glucose (0.10 mmol),
(2) ribose (0.12 mmol), and (3) glycine (0.30
mmol), respectively, was added to 10 g of upland
soil. Observed at 25 C. (b): Glucose (0.10 mmol)
was added to (1) paddy soil (10 g), (2) upland
(10 g), and (3) orchard soil (10 g),
respectively. Observed at 25 C. Fig.1(a)(1) and
(b)(2) show identical results.
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Fig.2 Thermograms of glucose-assimilation by soil

microorganisms observed in the presence of
various concentrations of sodium chloride. Soils
used were (a) upland, (b) paddy, and (c) orchard,
respectively. Observed at 25 C. Sodium chloride
concentration used was 0.00, 0.25, 0.50, 1.00,
2.50, 3.50, 4.00, 4.50 and 5.00 %, respectively,
from left to right in the figure. The figures for
[NaCl] =0 % in Fig.2(a), (b), and (c) are identical
with Fig.1(b)-2, -1, and -3, respectively.
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Fig.3 Heat-evolution curves of glucose assimilation by

soil microorganisms observed in the presence
of various concentrations of sodium chloride.
These curves were obtained on the basis of Fig.2
using eq.l in the text.
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Table 1 Gompertz parameters for the heat evolution
curves of glucose assimilation by upland soil

observed in the presence of various
concentrations of sodium chloride.

NaCl/% B/h-! M/h Ty /h"
0 0.113 +0.0017" 24.2 +0.17 27.4
0 0.121 £+ 0.002 24.3 +0.1 27.3

0.25 0.105 + 0.002 229 £0.1 26.5
0.25 0.092 £+ 0.001 23.9 +0.1 28.0
0.50 0.122 £ 0.002 24.5 £0.1 27.5
0.50 0.129 £+ 0.002 24.7 = 0.1 27.6
1.0 0.199 £ 0.002 26.6 = 0.1 28.4
1.0 0.183 £+ 0.002 26.6 + 0.1 28.6
2.5 0.130 £ 0.001 37.1 £0.1 39.9
2.5 0.142 £ 0.001 36.5 £0.1 39.0
3.5 0.101 £ 0.001 45.1 £0.1 48.8
3.5 0.100 £ 0.001 44.9 £ 0.1 48.5
4.0 0.087 £ 0.001 50.9 £ 0.1 55.1
4.0 0.088 + 0.001 50.9 £0.1 55.1
4.5 0.072 + 0.001 57.6 £0.1 62.7
4.5 0.073 £ 0.001 56.6 0.1 61.6
5.0 0.053 £ 0.001 73.3 £ 0.1 80.2
5.0 0.053 £ 0.001 74.2 £ 0.1 81.1

* Values are calculated from the values of M and B
using eq.2 in the text.

** Figures after + are estimated standard errors evaluated
from the fit.
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Fig.4 Analysis of the suppressive effect of sodium

chloride on glucose assimilation by upland soil.
The vertical scale shows the specific activity
obtained from (a) M, (b) Tip, (¢) B, (d) ts, and
(e) u, respectively. For each figure, the solid and
dotted lines show theoretical curves obtained
on the basis of bacteriostatic model (eq.4) and
bacteriocide model (eq.5 and 6), respectively,
using the inhibitory parameter values listed in
Table 2.
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Table 2 Inhibitory parameters of sodium chloride.

) Inhibitory Assimilation parameters used for analysis
Soil parameter M T\ B to u

Upland Kil% 3.7 £0.1%* 39 £0.1% 4.8 = 0.4* 3.1 £0.1%* 3.7 £0.1%
mi 1.9 £0.1 2.1 £0.1 6.4 £4.0 1.8 £0.1 1.7 £0.1

MIC/% 7.0 £0.3 6.9 £0.2 5.7 £0.7 6.6 £0.3 7.4 £04

my 1.2 £0.1 1.3 £0.1 4.4 +£2.7 1.0 £0.1 1.1 £0.1

Paddy Kil% 28 +£03 35 +0.2 49 +0.2 0.49 +0.1 1.9 £03
mi 1.2 £0.2 23 £05 7.1 £2.6 0.62 + 0.09 0.79 £0.12

MIC/% 7.7 £0.8 6.7 £0.5 57 +04 94 +£14 95 +1.4
my 0.75 £ 0.10 1.1 £0.2 4.8 £ 1.7 0.25 +0.03 0.47 £0.06

Orchard Kil% 6.5 £0.1 6.7 £0.1 85 +04 54 £0.1 6.5 £0.1
mi 2.4 £0.1 2.5 £0.1 35 +0.6 23 +£0.1 2.3 £0.1

MIC/% 12 +£03 12 £03 12 £0.7 12 £0.3 12 +£03

my 1.3 £0.1 1.3 £0.1 2204 1.1 £0.1 1.2 £0.1

* Figures after + are estimated standard errors evaluated from the fit.
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