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Abstract

Microcalorimetric techniques have been used to study the influence of different physicochemical parameters on microbial
growth in different soils in Galicia (NW Spain). The study was carried out using a 4 channels Thermal Activity Monitor
(Thermometric, Sweden). Two types of soil, humic cambisol and umbric regosol, with different uses, vineyard, orchard,
maize field, and scrubland, were investigated. Microbial activity in all the soils studied was stimulated by the addition of
1.25 mg of glucose g−1 soil. The power–time curves recorded from every experiment were analysed and from these analyses
characteristic parameters such as peak time, peak height and microbial growth rate constants were determined. The influence
of different environmental parameters, temperature (ambience and soil), moisture content (sample and residual), pH in water,
and C/N ratio, were considered.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords: Soil microcalorimetry; Microbial growth; Environmental parameters

1. Introduction

The potential productivity of a soil is closely re-
lated to its microbial load. At the same time, this
microbial load can be used as an index to indicate
soil degradation as a consequence of different factors
going from an intensive and inappropriate agricultural
exploitation to diverse contamination phenomena
and/or forest fires. Because of this, the techniques
used to study microbial activity can be very helpful
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to analyse the evolution of microbial population in
soils under different situations. Microcalorimetry has
shown as an important tool in the study of microbial
activity in soils and its use is increasing nowadays
[1–5].

Microcalorimetry has been successfully employed
to study metabolism and microbial growth in soils as
it permits the continuous monitoring of the activity of
a living process in situ for a prolonged period without
disturbing the system[5–9]. It is an useful tool for
evaluating the metabolism of microbial biomass in
soils because the heat produced in the various pro-
cesses depends solely on the initial and final energy
states of the system, and is independent of the types
of micro-organisms and their form of evolution. Nev-
ertheless it has rarely been used to study microbial
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growth in soil because of the practical difficulties of
obtaining results for such a heterogeneous system
[4,5,10,11].

Microcalorimetric measurements have generally
been made using a close ampoule method which
causes a decrease in the available O2 with a corre-
sponding CO2 enrichment. Consequently, the environ-
mental conditions change inside the closed ampoule
[2].

In this paper, we investigated the influence that the
concentration of a carbon source (glucose) has on the
microbial activity in soils[2–4]. With this aim, six
soils were collected in four different zones situated in
Galicia (NW Spain). These soils were different both
in use and origin.

2. Experimental

The main objective in field sampling was to col-
lect a representative soil material for two types of
soils, humic cambisol and umbric regosol, with differ-
ent uses: vineyard, orchard, maize field, and scrubland
(soils recovered using mining residues and covered by
young bushes). It was intended to study how the use
of soil influence on the global microbial population.
Soil samples were collected from different rectangu-
lar plots of land (40 m2 size) situated in the north-
ern part of Galicia: Leiro (1a y 1b) and As Pontes
(2a y 2b) in A Coruña, and two in the southern part:

Table 1
Main environmental parameters corresponding to the different sampling zones

Month Northern zone (Leiro and As Pontes) Southern zone (Cambados and Porto do Cordeiro)

Temperature
(◦C)

Rainfall
(mm)

Evapotranspiration
(mm)

Hydric
availability
(mm)

Temperature
(◦C)

Rainfall
(mm)

Evapotranspiration
(mm)

Hydric
availability
(mm)

January 6.6 222 16 322 10.0 227 20 327
February 6.8 194 23 294 10.8 177 30 277
March 9.0 161 47 261 12.6 144 60 244
April 9.9 120 69 220 14.3 122 81 222
May 12.5 112 97 212 16.0 131 108 231
June 15.1 75 108 175 19.1 61 133 161
July 17.2 35 122 102 21.0 31 152 59
August 17.3 63 101 63 20.7 47 115 47
September 16.2 102 58 102 18.7 115 56 115
October 13.3 146 39 191 16.2 149 47 208
November 9.4 198 17 298 12.8 201 16 301
December 7.1 255 15 355 10.1 195 15 295

Cambados (3) and Porto do Cordeiro (4) in Ponteve-
dra. The usefulness of the experimental measurements
depends greatly on the samples being representative
[2–4].

After sampling, soils were characterised by mea-
suring different parameters such as: water-holding ca-
pacity, C, N, pH, and water content. For each of the
six soils, the sampling was made from 10 randomly
chosen points from each site. The samples were col-
lected from a depth of 5–15 cm, after removal of sur-
face material. The samples taken from each site were
then carefully mixed in order to achieve a bulk sam-
ple representative of the soil to be studied. This bulk
sample was placed in polyethylene bags, to reduce
moisture losses, and returned to the laboratory. The
soil was then sieved (mesh size 2× 2 mm2) and the
water content determined gravimetrically after oven
drying at 105–110◦C to constant weight. Soil organic
matter was measured as total C. Soil pH was deter-
mined using a Crison pH-meter. The measurements
were performed introducing the electrode in super-
natant solution prepared using 10 g of soil and 25 ml
of water. Total nitrogen was determined by Kjeldahl,
and water-holding capacity was determined by us-
ing a glass tube fitted with a fritted glass disc in the
bottom being immersed in water[5]. The remaining
bulk sample was stored in polyethylene bags at 4◦C
for up to 3 months[2] before being used for the
calorimetric experiments to ensure reproducibility of
measurements.
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Calorimetric experiments were performed using
a microcalorimeter 2277 thermal activity monitor
(Thermometric AB, Sweden), which is a commer-
cial version of that developed by Suurkuusk and
Wadsö [12]. Measurements were carried out in
hermetically sealed 5 ml stainless steel ampoules.
Soil samples of 1 g size at water-holding capacity
were treated with 1.25 mg of glucose g−1 soil. Ex-
periments at each concentration were repeated five
times. The reference ampoule was filled with 1 ml
of distilled water[2,13,14]. We have found that the
results obtained by doing this agree reasonably well
with those obtained using a soil as reference[2–4,
14–17].

Table 2
Physicochemical properties of the different soils studied

Zone and use Temperature (◦C) Moisture (%) Field capacity (%) C/N pH

Soil Ext. Sample Residual

(1) Leiro
Humic cambisol

(1a) Vineyard 14.8 21.9 6.26 1.67 18.84 10.63 4.56
(1b) Orchard 15.7 23.8 3.91 1.78 17.34 10.97 6.39

(2) As pontes
Humic cambisol

(2a) Vineyard 17.8 22.0 10.91 2.03 19.67 10.25 5.54
(2b) Maize field 18.1 21.5 15.76 2.51 18.62 11.00 5.72

(3) Cambados
Umbric regosol 14.5 20.0 13.36 4.98 32.14 17.47 4.53

(4) Porto do Cordeiro
Umbric regosol 15.5 21.2 21.98 4.03 27.39 13.49 3.76

Table 3
Main calorimetric parameters obtained from microcalorimetric experiments

Soils

1a 1b 2a 2b 3 4

Qt
a (J g−1) 3.35 ± 1.10 2.36± 0.46 3.40± 0.27 1.81± 0.94 2.47± 0.70 1.53± 0.75

Pt
b (h) 15.05± 0.36 14.32± 1.11 11.05± 5.63 8.30± 0.43 19.23± 0.66 26.26± 0.69

Qpheight
c (J g−1) 0.55 ± 0.33 0.75± 0.20 1.08± 0.50 1.30± 0.47 1.55± 0.46 0.98± 0.45

µd (h−1) 0.438± 0.134 0.337± 0.041 0.451± 0.027 0.641± 0.082 0.285± 0.089 0.126± 0.029
Re 0.985± 0.016 0.997± 0.003 0.997± 0.001 0.998± 0.001 0.988± 0.008 0.991± 0.002

a Total heat evolved up to the peak of the power–time curve.
b Time to reach the peak.
c Heat in the peak.
d Microbial growth rate constant.
e Correlation index.

3. Results and discussion

Main climatic characteristics of the four zones stud-
ied are shown inTable 1. Environmental conditions
are key on the formation and evolution of soils. Be-
cause of this, the data here shown are very important
in order to analyse and understand the influence of en-
vironment on physicochemical characteristics of soils
and on the microbial population.

All the experiments were carried out at 25◦C. Mi-
crobial growth rate constant,µ, was quantified from
the power–time curves recorded by the calorimeter.
This value is only an apparent one and does not give
information about the biochemical activity of the
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Fig. 1. P (�W)–t (h) plot: soil 1a (vineyard).

Fig. 2. P (�W)–t (h) plot: soil 2a (vineyard).
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Fig. 3. P (�W)–t (h) plot: soil 1b (orchard).

Fig. 4. P (�W)–t (h) plot: soil 2b (maize field).
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Fig. 5. P (�W)–t (h) plot: soil 3 (scrubland).

individual microbes. However, since heat evolution is
also proportional to the amount of glucose degraded,
it can reasonably be considered as the specific degra-
dation rate of glucose under the given conditions in
soil, and may be used as an index to express how fast
the material is decomposed by microbial action[1].

Main physicochemical properties of the different
type of soils studied are listed inTable 2. From the
analysis of this table it follows:

1. All the soils studied show strong acid pH values.
This could be a consequence of their high organic
matter load (>4%) and also of the fact that they
are excessive washed by abundant rains. More-
over, these soils originated from granite. It must be
pointed out that the value pH= 6.90 correspond-
ing to soil 1a is due to the traditional use of lime,
very common in the treatment of agriculture soils
in Galicia. This is corroborated by the fact that
the main part of vegetal species growing in Galicia
show the need for neutral pH. On the opposite, it
must be underlined the value 3.76 corresponding to

soil 4. This value is probably due to soil composi-
tion, on the one hand mining residues and, on the
other hand, organic matter in the onset of decompo-
sition thus originating a great amount of fulvic and
humic acids as a previous stage to “stabilisation”
and generation of humus.

2. The ratio soil/environment temperatures supplies a
valuable information about soil structure. In this
way, it can be seen that degraded (low structured
and highly compacted) soils 3, 4 show tempera-
tures very similar to environment temperature. The
reason is that the lack of structure hinders an ap-
propriate regulation effect of soils before temper-
ature changes[18–20]. However, soils 1a and 1b
better structured and also protected by agriculture
tasks show temperatures well differentiated from
environment. Soils 2a and b, show also very similar
temperatures. However, in this case, the similarity
of temperatures was based on the fact that sam-
pling was made immediately after seasonal crop
collection and subsequent plough up, thus becom-
ing cleared soils.
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Fig. 6. P (�W)–t (h) plot: soil 4 (scrubland).

3. As expected, moisture contents both that corre-
sponding to the sample and the residual moisture
are lower for cultured soils as a consequence of
an adequate drainage necessary to increase pro-
ductivity, while scrubland soils show greater mois-
ture contents. High moisture content conditions can
originate anaerobiosis during long periods over the
year and, as a consequence, the dead of aerobic
micro-organisms. In this case, the growth rate con-
stant would show lower values.

4. A similar discussion can be made for field capac-
ity, as the well-structured soils show lower values
than those corresponding to compacted soils.The
ratio C/N, very important to determine the de-
gree of mineralisation, is again greater for soils 3
and 4 as a consequence of their low degradation
and, also of the composition of these soils orig-
inating from mining residues. The high value of
these ratios constitute a hindering to vegetative
species in these kind of soils, thus favouring the
growing of minor species such as erica spp. and
bushes.

The influence of each parameter on microbial
growth was considered separately as these parameters
depend both on the environmental conditions and the
use of soil, that change seasonally over the year. The
reason for considering separately each of the factors
is to avoid overlapping that could obscure our study.
By doing so, the response of the microbial commu-
nity to the stimulus caused by changes in the different
seasonal parameters can be analysed. Anyway, as it
is well known, all these parameters are interrelated
when considering environmental phenomena.

Table 3shows results obtained from the calorimet-
ric experiments performed. As expected, values of the
growth rate constant are lower for scrubland soils 3
and 4 as a consequence of their low structure, high
compaction, high moisture content, very changeable
thermal regime and a high dependence on environ-
ment. These soils show also a very poor variety of
vegetative species, thus conditioning the relationship
between micro-organisms and soil, because, as it is
known, the greater the vegetal species variety, the
greater the amount and variety of micro-organisms as
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Fig. 7. Plot of logPt versus time obtained from the semilogarithmic conversion of power–time curves recorded from soil sample number 3.

it can be seen analysing values of thermal power ob-
tained from the microcalorimetric experiment. On the
opposite, soils 1a, 2a and 2b show highµ, being the
last one the highest value ofµ amongst all the soils
studied, as a consequence of the addition of fertilis-
ers. The low value ofµ corresponding to soil 1b could
originate from the fact that this soil was left fallow
after being overexploited for years.

Figs. 1–6show power (�W)–time (h) plots. As it
can be seen, couples 1a and 2a, 1b and 2b, and 3 and
4, respectively, show similar shape. These similarities
could be understood in terms of the use given to the
different kinds of soils. All of them show, more or less,
the different phases of latency, exponential growing,
steady phase and decay.

Fig. 7 shows a power–time plot obtained from the
semilogarithmic conversion of the curves recorded
from a soil sampling containing 1.25 mg of glucose g−1

soil. The resulting straight line is a proof of the
exponential behaviour of the thermal power during
the microbial growth induced by a carbon source.
The microbial growth rate constant was calculated

from the slopes of the different straight lines. All
the other experiments show a behaviour similar to
soil 3.

4. Conclusions

Microcalorimetric technique shows as a suitable
tool to study microbial growth in soils, the study can
be made taking into account the physicochemical and
biological properties of soils.

Cultivated soils show a greater microbial activity
than soils not cultivated. Cultivated soils keep their
properties nearly constant in values considered as op-
tima for a good soil behaviour both from the physico-
chemical (pH, temperature, CO2/O2 ratio, C/N ratio,
moisture content, etc.) and biological (nutrients, or-
ganic matter, etc.) points of view. Because of this,
a rational exploitation of soils can allows a sustain-
able and stable microbial population thus indicating
the maintenance of soil productivity. Degraded soils
present lowµ values.
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Analyses the power–time curves lead to an under-
standing of microbial activity in similar soils, as it can
be seen inFigs. 1–6.
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