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Calrorimetric Studies on the Ability of Organic Matter Decomposition
by Microbes in Different Kinds of Soils.
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Using calorimetric method, heat evolutions associated with the growth of soil microbes
(growth thermograms) during microbial decomposition of added organic matters (yeast extracts)
in various kinds of soils were studied. Soils tested were soils from vegetable garden, from
mountain area, from a playground, from tea garden and sea sands from beach. From the actual
heat evolution curves (f(t) curves) derived from the growth thermograms, the "apparent growth
rate constant (u')" of soil microbes was determined. As the u' value of soil microbes can be
regarded as a decomposition rate constant (kq) of yeast extracts added, the abilities of decomposing
the yeast extracts were compared for each of the soils.

From the results, the followings were obtained: (1) The calorimetry of solid microbes is
a usable technique to quantitatively estimate the ability of organic matter decomposition in
soils. (2) The ability of organic matter decomposition is considerably different depending on
the kind of soils. (3) The decomposition ability of sea sand solids from beach is much higher
than those of the other soils. (4) The decomposition ability of tea garden soil is considerably
lower than that of the others.

On the basis of the above results, we conclude that the method employed in this study
provides more quantitative information about the ecological potential than any other existing
methods and that the present calorimetric method contributes to the land improvement in terms
of the material cycling as well as the agricultural production.
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Table 1 Components of yeast extracts.

lipid carbohydrate water  pH*
content

ash nitrogen

10.3%  9.9% 0.1% 21.1% 6.6% 6.7

* as al% solution at 25 .
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Fig.1 Schematic illustration of the apparatus used for
the detection of metabolic heat evolved during the
microbial decomposition of organic matters in soil.
1; whole assembly of calorimetric unit, 2; top
cover, 3; insulation box, 4; water-circulating
pipe, 5; water supply, 6; water outlet, 7; heatsink,
8; lid, 9; thermopile plate, 10; sample cell holder,
11; sample cell(via), 12; data processing system.
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Table 2 Culture medium for counting viable microbes
in solids.

glucose peptone meat yeast NaCl agar pH
extracts extracts

(Wiv %) (wiv %) (wiv %) (wiv %) (wiv %) (w/v %)

0.5 1.0 1.0 0.2 0.5 2.0 7.0
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Table 3 Analysis of soils from various area.

components of particle size (mm, %)

coarse fine water

carbon nitrogen rCa/ﬁl\(l) CEC* PCs**  “and sand silt clay Texture pH ntent

(g kg™t (gkgot) (cmol(0) kgol) (gkgrl) (2.0-0.2) (0.2-0.02) (0.02-0.002) 0 0.002 (%)
1. vegetable garden soils  62.5 7.4 8 53.5 23.10 9.9 21.8 27.9 40.4 light clay 7.6 35.9
2. sea sand soils 2.0 0.1 20 5.7 3.80 85.7 11.7 1.5 1.1 sand 9.1 5.8
3. mountain soils 132.4 7.4 18 43.3 25.80 1.7 22.9 35.9 39.5 light clay 55 56.0
4. playground soils 1.7 0.1 17 15.9 740 60.1 21.3 12.2 6.4 sandy loam 8.9 14.9
5. tea garden soils 1272 7.1 18 52.2 24.80 35 19.0 443 332 lightclay 4.3 404

*: cation exchange capacity = **: adsorption of phosphate
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Fig.2 Changes in the number of viable microbial cells
during the incubation of tea garden soils with
yeast extracts (6 mg g°! of soils) at 30 O, as
measured from colony forming unit with agar
plate culture.
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Fig.3 (A) Growth thermogram of microbes in tea garden

soils observed for the incubation with yeast
extracts (6 mg go! of soils) at 30 . (B) Growth
curve of microbes in tea garden soils. The growth
curve was obtained from the growth thermogram
shown in (A) by calculation using eq.(1).
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Fig.4 Semilogarithmic plot of the changes in the
numbers of viable microbial cells during the
incubation of tea garden soils with yeast extracts
(6 mg go! of soils) at 30 0, as measured from
colony forming unit with agar plate culture.
The dotted line was drawn with the slope
corresponding to the "apparent growth rate
constant u' " determined from the growth curve
shown in Fig.3(B) according to the method
described in the text.
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Fig.5 (A) Growth thermograms of microbes in play-
ground soils a, mountain soils b and tea garden
soils ¢ observed for the incubation with yeast
extracts (6 mg go! of soils) at 30 0. (B) Growth
curves of microbes in playground soils a,
mountain soils b and tea garden soils c. The each
curve was obtained from the growth thermograms
shown in (A) by calculation using eq.(1).
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Fig.6 (A) Growth thermograms of microbes in vegetable
garden soils a, mountain soils b and tea garden
soils ¢ observed for the incubation with yeast
extracts (6 mg g-! of soils) at 30 0. (B) Growth
curves of microbes in vegetable garden soils a,
mountain soils b and tea garden soils c. The each
curve was obtained from the growth thermograms
shown in (A) by calculation using eg.(1).
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Fig.7 (A) Growth thermograms of microbes in sea sand
solids from beach a little away from the sea a,
sea sand solids from beach contacting the sea
b and mountain solids ¢ observed for the
incubation with yeast extracts (6 mg g”! of soils)
at 30 0. (B) Growth curves of microbes in sea
sand soils from beach a little away from the
sea a, sea sand soils from beach contacting the
sea b and mountain soils c. The each curve
was obtained from the growth thermograms shown
in (A) by calculation using eq.(1).
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Table 4 The decomposition rate constant (kq) of organic
matters (yeast extracts) and the "apparent doubling
time (ty')" of microbes in different kingds of soils.

vegetable sea sea moun- play- tea

garden sand sand tain ground garden

soils  soils A soils B soils soils soils

ka (hot) 0.789 1.061 0.896 0.554 0.684 0.299
td' (h) 0.88 0.65 0.77 1.25 1.01 2.32
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