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Abstract

Microcalorimetry was applied to study the basal respiration in several soils collected in Galicia (Northwest Spain) and in
the Brazilian Amazon. The microbial activity was recorded microcalorimetrically as power—time lines during 24 h. The soil
mass specific heat rafig,/s and the cell specific heat rajg,n were calculated, and compared to the microbial population
of the soil samples and to the number of microorganisms per organic carbon. Results showed an inverse hyperbolic relation
betweenJgo,n and number of microorganisms of the samples, and betd@ggnand the number of microorganisms per
organic carbon. The microcalorimetric indexes of microbial activity were affected by some other soil properties, as percent
of carbon, nitrogen, and C/N ratio, as well as by the introduction of agriculture, which affected the microbial population. We
believe that the cell specific heat rate can be considered as an index that indicates the efficiency of the energy utilization by
soil microorganisms, similarly to the specific respiration activity. The reason of its negative correlation with the microbial
density could be attributed to changes in the strategy of the energy utilization by microorganisms in soils.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction methodologies that allow us to measure the microbial
soil activity.

Soil microorganisms are responsible for the inter- ~ The existence of a highly heterogeneous population
change of energy and matter between the soil and thein soils implies that any methodology to measure its
environment. They play an important role in the reg- activity must be largely non-specific in order to include
ulation of the carbon cycle. For that reason, scientists the contribution from all the diverse groups of soil
have been looking for the way to measure the energy microorganisms. It must be able to detect activity and
expenditure by the basal respiration in soils, with the to quantify it in some way. This is not easy because
aim of understanding the processes involving degra- of the complexity of the soil system. For this reason,
dation of organic matter. The importance of these pro- the studies about the soil microbial activity have been
cesses for soil research has led scientists to look for always limited by the methodologies and techniques

employed[1,2].
CO, is one of the products of the metabolism of
" * Corresponding author. soil microorganisms and it is considered as one of the
E-mail addressfanieves@lugo.usc.es (N. Barros). most important indexes of activity, since it is a direct
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measure of the degradation of the soil organic matter mental conditions. The breakdown of the soil organic
and an indirect measure of the energy expenditure. matter is accompanied by the synthesis of new mi-
Nevertheless, it would be interesting to have a direct crobial cells which brings about an increase in soil
measure of the energy involved in the basal respiration of proteins, polysaccharides, and nucleic acids typi-
of soils, since any new method reporting new indexes cal of bacterial protoplasm. But growth rate in nature
and higher sensitivity would welcome in this area of takes an average value of zero over any long period
research. of time, for this reason the activity recorded by dif-
Microcalorimetry has good potential to assess the ferent methods, due to the soil organic matter degra-
overall biomass and activity of soi[4,2]. It has the dation, is very low and stabl8]. This feature is re-
big advantage of providing direct measurements of the sponsible for the lack of indexes that can inform about
energy expenditure in terms of heat. As £ @eat is the efficiency of the soil organic matter degradation
a direct product of the degradation of the soil organic in soils. Here efficiency is considered as the effec-
matter. It has been reported that heat correlates posi-tiveness in converting substrate carbon into cell car-

tively with the CQ evolution[1,3]. Hence, heat can
be also considered as an index of soil microbial activ-
ity. Currently, microcalorimeters are sensitive enough
to detect very low values of heat and its application in
studies of soil microbial activity has shown that it can
provide important quantitative indexes of activity like
the microbial growth rate constant, the heat yield of
the microbial growth and the enthalpy of the degrada-
tion of a carbon sourcpl-6]. Some other advantages
of this methodology in contrast with the study of the
CO; evolution are

e The high sensitivity of the method permits us to use
very small quantities of soil for the determinations
(19 in contrast to 50-100 g used by the £€vo-
lution method).

e Microcalorimeters permit to record continuously
the heat evolution of the soil samples as power—time
lines.

e Preparation of the samples is very easy.

In this work, we have used microcalorimetry to
study the basal respiration of several soils collected in
Galicia (Northwest of Spain) and in Amazonian State
of Brazil. Our aim is to provide, from the heat evo-
lution rate, an index that can inform about the effi-
ciency of the soil organic matter degradation. Basal
respiration in soils is defined as the overall activ-
ity or energy spent by the indigenous microbial pool
when they degrade the soil organic maft@r Since
organic matter degradation is a property of all het-

bon and it is important to have a diagnosis of the soil
microbial quality and loss of soil sustainabili{9]. It
is not possible to quantify it in quantitative terms be-
cause we cannot measure the microbial growth rate
and the increment in biomass due to the soil organic
matter degradation, since it represents one of the slow-
est reactions we can find in nature. Anyway, it is im-
portant to search bioindicators of soil microbiological
quality that can inform about that efficiency in some
way. The first approach was the introduction of the
guantity of soil biomass per unit of soil organic car-
bon (SOC; Gic to Corg) [10], which can be measured
also as the number of cells per unit of SOC depending
on the method employed to estimate the soil biomass.
It is stated that higher values offe to Corg mean ac-
cumulation of carbon and viceversa. Accumulation of
carbon could be reflecting a more efficient metabolism
[8]. As it is established that the soil microflora en-
dowed with a more efficient metabolism releases less
CQO, per unit of cell, it could be possible to obtain in-
formation about the efficiency of the soil organic mat-
ter degradation if we refer the basal respiration rates
(CO per unit of soil mass and day) to the correspond-
ing biomass size. The metabolic quotig(€(,), is so
obtained and it shows the GEC produced per unit of
biomass and time. Comparison of microbial communi-
ties in quantitative terms would then be possiilg].

We think it is possible to obtain the same informa-
tion in terms of heat, using microcalorimetry. It would
be important since microcalorimetry would permit to

erotrophs, the basal respiration is commonly used to develop that kind of studies and to provide an alterna-

indicate the level of microbial activity and it is usu-
ally measured from the CQOevolution or Q uptake.

The rate at which C®is released varies greatly with
soil type and it is affected strongly by the environ-

tive information to those processes that can contribute
to a better understanding of the kinetics of the soil or-
ganic matter degradation and the environmental con-
ditions affecting those processes.
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We can measure the soil microbial activity mi- Table 1
crocalorimetrically as power-time lines. The integra- Sampling places and soil samples used in this fork

tion of those lines referred to 1 g of soil sample yields sampling site Soil samples Vegetation

the soil mass specific heat rafgys, in Joules per .- Gt Decidious forest
gram of soil and day. It represents the decay of the Gp Pinus forest

soil organic matter and a measure of the basal respira- Gv Vineyard

tion in soil. If we referJg/s to the biomass per gram g oo oo

of soil, we can obtain the cell specific heat raggn, Location P Ppf Primary forest

in Joules per cell and day. We can assume the initial Pi Igarage

number of cells of the soil as a constant since no Pc Cassava plantation
increment can occurs in short periods of time. Higher  Location T Tpf Primary forest
dissipation of heat per unit of cell takes place in less Tol Orange-lemon trees
efficient processes. Therefore we can compare the TP Pasture

results obtained from the different soil samples and aThe two locations chosen in the Amazon for sampling, named
to relate the values Q]‘Q/N to different environmental location P and T, differ in their soil organic matter content. Primary
conditions. If it is sensitive to change in the environ- forests and argble_land§ were'c_hos:en in order to s_ee how agriculture
mental conditions, we could considﬂtg/N as a new ;aoffreezttss-the soil microbial activity if compared with the Primary
bioindicator of soil microbiological quality12].

As the functional relationship between microbial sites were chosen. Properties of the soil samples and
biomass and specific microbial respiration activity is samples sites can be observedable 1. Samples col-
not yet fully understood, we have compared the cell lected in Galicia correspond to decidious forest from
specific heat rate with the number of microorganisms the quaternary period to a nearby Pinus forest intro-
of the soil samples and with the number of microor- duced during the reforestation program in the sixties
ganisms per organic carbon, cellgr& We have also  and to a cultivated field (vineyard). In the Amazon,
studied the dependence of the microbial biomass andtwo sites were chosen for sampling in the same loca-
heat released on some soil properties such as percention. That place is called Nova Airao and it is located
of carbon, percent of nitrogen, humidity, pH, and C/N 200 km far away from Manaus, up Negro River R
ratio and how the introduction of agriculture affects 61°W). The first site is close to the river side and it
these microcalorimetric indexes. was named as location P. It is affected by the sedi-

mentation of the river and for that reason, it is rich
in organic matter content. In location P, three nearby

2. Experimental sites were chosen for sampling corresponding to the
Amazonian Primary forest and to a 1 year old Cassava
2.1. Soil samples plantation introduced after burning the Primary forest.

The second site in Nova Airao was named as loca-
Soil samples were collected in Galicia (Northwest tion T. It is situated inland, some kilometers far away
of Spain) and in the Amazon (Amazonian State of from the river side. In contrast to samples from loca-
Brazil). Galicia has a mild and humid Atlantic climate, tion P, this new ones were poor in organic matter con-
while the sampling site in the Amazon supports a trop- tent. In this location, three nearby sites were chosen
ical climate with two seasons, dry, and rainy. There for sampling too, corresponding to the Amazonian Pri-
are big differences in terms of average annual temper- mary forests, arable lands, and pasture. In total, nine
ature between both locations. The Brazilian Amazon samples were studied.
mean annual temperature is 31Clwhile the mean All samples were collected from 0 to 10cm of
temperature in Galicia is 1. depth with a sampling corer. Each sample consist of
All the sampling sites of each location, in Galicia 10 evenly distributed sub-samples mixed together in
and in the Amazon, were close to each other in or- polyethylene bags. Samples collected in Galicia were
der to avoid big differences in the soil properties and brought to the laboratory within 1 day. Samples col-
in climatic patterns. In each location, three sampling lected in the Amazon were brought to the laboratory
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Table 2
Physic-chemistry properties of the soil samples used in this tudy
Sample  Humidity SOM C (%) N (%) CIN pH
(%)
Gdf 27 155 9 0.45 20 4.36
Gp 28 10.95 6.35 0.21 30.24 3.78
Gv 23 5.47 3.17 0.24 13.21 534
Ppf 22 6.11 3.9 0.52 7.5 341
Pi 35 12.9 10.89 0.45 24.2 3.9
Pc 29 5.7 4.21 0.74 569 3.74
Tpf 6 11 143 0.05 28.6 3.7
To-I 12 2.4 1.55 0.83 1.87 3.75
Tp 14 3.3 1.56 0.79 1.98 452

2SOM represents the percentage of soil organic matter, C and
N are the percentages of carbon and nitrogen content while C/N
represents the carbon to nitrogen ratio.

within 1week. During that time, soil was kept in
a cooler. In the laboratory, all samples were sieved

(2 mm) to remove stones, roots, and plant debris. Sub-
samples were taken to measure pH and soil organic

matter, carbon, nitrogen, and humidity percentages.
pH was measured with a Crison micropH-meter 2000
in a solution of 10 g of soil and 25 ml of distilled wa-

ter. The humidity percentages was measured by soil

weight loss after drying during 24h at 110. The
determinations of carbon, nitrogen, and organic mat-
ter was performed by oxidative methods using reac-
tants as Mohr salt, sulphur acid, phosphoric acid, and
chromium potassium. Results are shownTable 2.
The number of microorganisms of the samples was
counted by the most probable number metiiba.
The remaining soil was stored at@ in polyethy-
lene bags during 1 month before microcalorimetric
measurements.

2.2. Microcalorimetric measurements

The microcalorimeter used was a LKB 2277 thermal
activity monitor from thermometric, which is a heat
conduction calorimeter.

Soil samples were incubated at Z5 during 24 h
before microcalorimetric measurements. After this pe-
riod, 1 g wet weight of soil was introduced in a 5ml
calorimeter stainless steel ampoule. One milliliter of

N. Barros et al./ Thermochimica Acta 406 (2003) 161-170

2.2.1. Analytical procedures

The heat flow rate, released due to basal respira-
tion in soils is recorded in microwatts per gram of soil
and day and represented as power—time lines. The in-
tegration of those lines permits to obtain the total heat
released by 1 g of soil sample per day, which can be
called soil mass specific heat rafigys in Joules per
gram of soil and day.

The total heat dissipated by the samples can be re-
ferred to the biomass size of the soils as the quotient
between the total heat per gram of soil and day and the
number of microorganisms per gram of soil. We ob-
tain the total heat released per unit of cell and day that
can be called cell specific heat ratgn, in Joules per
cell and day. These data are obtained as the average
of three replicas.

Other data reported in this paper is the amount of
microorganisms per unit of soil carbon calculated as
the quotient between the number of microorganisms
and the quantity of SOC. It is given as number of
microorganisms per gram of SOC, cellgr&

All the regression analyses reported in this work
were performed using the mean of three replicas.

3. Results

Physic-chemical properties of the soil samples are
shown inTable 2. It can be observed that in sam-
ples from Galicia (Gdf, Gp, and Gv) reforestation
with Pinus and introduction of agriculture (samples Gp
and Gy, respectively) appears to decrease the nitrogen
content of the samples, while in the Amazon an oppo-
site pattern in values of N is observed. Soils support-
ing arable lands in the Amazon (Pc and To-l) show
higher values of N content than those from Primary
forests (Ppf and Tpf) affecting the values of the C/N
ratio.

Results from calorimetric measurements together
with the microbial density of the samples and values
of cells-Gyrg can be observed ifiable 3.

3.1. Comparison of the soil mass specific heat rate
data, bys

distilled water was used as reference. Both ampoules,

sample, and reference were introduced simultaneously Values ofJg/s can be observed iifable 3. The

in the microcalorimetric channel. The basal respira- soil mass specific heat rate of the samples collected
tion was registered during 24 h at 25. in Galicia is lower in soils reforested with Pinus and
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Table 3
Values of the soil mass specific heat rdtgs, cell specific heat ratdg/n, number of microorganisms per gram of SOC cellggCand
number of microorganisms per gram soil wet weidlat for the samples used in this stiddy

Samples Joss (J/gday) Jo/n (J/cellday) Cells-Gyrg No (gwetwt.)
Gdf 1.01+ 0.05 (5.41+ 0.15) x 10711 2.11 x 101 1.9 x 101
Gp 0.74+ 0.03 (1.52 + 0.06) x 10710 7.67 x 1010 4.87 x 10°
Gv 0.49+ 0.02 (6.95+ 0.28) x 10711 2.22 x 101 7.05 x 10°
Ppf 6.59+ 1.02 (7.944 1.23) x 1076 2.13x 107 8.3 x 1P

Pi 2.63+ 1.53 (4174 2.4) x 1076 5.78 x 10° 6.3 x 1C°

Pc 5.23+ 0.88 (1.74+ 0.29) x 10°° 7.13 x 10° 3 x 10°

Tpf 0.55+ 0.54 (1.06 £ 0.5) x 10°° 3.64 x 10° 0.52 x 10°
To-l 4.69+ 0.79 (1.114+ 0.18) x 1076 2.73x 10° 4.22 x 10°
Tp 5.85+ 1.32 (1.09+ 0.31) x 10°® 3.43 x 10° 5.35 x 10°

2Values are given as Meah S.D. (n = 3).

in the arable land than in soils from the decidious for- 3.3. Comparison of the cell specific heat rate

est. In location P (Amazon), the seasonal sedimenta- data, J/N

tion in the igarape and the introduction of the Cassava

plantation appear to decrease also the soil mass spe- Results of thelg,n values for all the soil samples

cific heat rate when compared to data obtained from are shown ifTable 3. Samples collected in the Pinus

the Primary forest. Samples collected in the igarape, forest (Gp) show the highest value &\ in Galicia.

show the lowest value adg/s. Location T appears  The arable land (Gv) has a higher valueJgfn than

to follow a different pattern. Samples collected in that from the Primary forest (Gdf) and lower than that

the arable land and in the pasture show higher val- from the Pinus forest (Gp). In location P, the sample

ues of Jo/s than samples collected in the Primary from the Cassava plantation (Pc) has the highest value

forest. of Jo/n. The lowest value corresponds to the igarape
(Pi). In location T, samples collected in the arable

3.2. Comparison of cells+§, and microbial lands and pasture show lower valueslgfy than that

density from the Primary _forest in that Ioca_tlon.

On the whole, it seems that agriculture appears to
decrease the soil organic matter content, to deplete the
number of microorganisms of the samples and to in-
crease the values d#,n calculated by microcalorime-
try, with the exception of samples collected in location
T in the Amazon which follow a different pattern.

In Galicia, samples collected in the Pinus forest
(Gp) and in the arable land (Gv) show a lower number
of microorganisms than that from the Primary forest
(Gdf), while the percentage of microorganisms per or-
ganic carbon is much lower in the Pinus forest (see
Table 3). Location P in the Amazon shows a similar
pattern. Samples affected by sedimentation and agri-
culture (Pi and Pc) have a lower number of microor-
ganisms than samples collected in the Primary forest
(Ppf). The depletion of the microbial density was big-
ger in the Cassava plantation. The same pattern is ob-
served with the values of cellsyfg.

Once again, values from location T differ from the ) ; i
above data. Arable lands (To-l) and pasture (Tp) show N€at ratelo/n, and microbial density for all samples,
the higher values of microbial density and cellgzC resulth aninverse hyperbol|crela.t|onsh|p. Thg results
compared with those obtained from the Primary forest shown inFig. 1suggest the following expression:
(Tpf). Jo/N = 1.139 N, 1116 (1)

3.4. Correlations

In order to establish the existence of dependence
among the variables of this study, linear and non-linear
regression analyses were performed with our data. The
significant correlation found are shownTable 4.

Analysis of the dependence between the cell specific
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Table 4

Correlation between the indexes of microbial activity reported in this paper and some soil pr8perties

logJo/n Vvs. logNg r =—0.986 y =1.139-1.116x S.D.=0.428 P<0.001
logJo/n Vs. log cells-Grg r =-0.977 y = 3.174-1.165x% S.D.=0.547 P<0.001
Jo/s vs. N r =0.823 y = —0.482+7.504x S.D.=1.522 P<0.01
Jg/s vs. C/N r =-0.812 y = 5.764-0.181x S.D.=1.563 P<0.01
Np vs. C r = 0.902 y= —3.009+2.124x S.D.=3.57 P<0.05

aData in italics shows the correlation found when soils collected in location P in Amazon were omitted.

The same relationship was obtained plottlagn val-

ues vs. cells-gg. Fig. 2 shows the linear fit obtained
when the logarithm of thdg,n values is plotted vs.
the logarithm of the cells-§ data, suggesting the

equation:
JoN = 3.174x cells-Corg 116° )

The increase in cells+§y values is interpreted in liter-

In a lesser extent, it was found a positive linear
correlation between the soil mass specific heat rate
Jo/s, and the percentage of nitrogen, and a negative
correlation betweedq,s and C/N ratio. It seems that
nitrogen and C/N ratio play an important role in the
basal respiration of the soil.

As it has been established that increasg(GOy)
is observed in soils with low pHil4], we have plot-

ature as accumulation of carbon and enhancement ofted our values og/N vs. pH to see if it responds as
efficiency in soils, which result in a depletion of the q(CGQ,). The result can be seen kig. 3. Now signif-

Jo/N values afEq. (2)shows.

icant correlation was found between the above men-

Results shown above strongly suggest that the tioned data but it can be observed a trendgfy to
biomass of the soil affects the efficiency of the soil decrease with enhancement of pH.

organic matter degradation in terms of cell specif
heat ratelg/n.

log JOIN

-9 -
=10 -

-11 4

ic  If samples collected in location P in the Amazon are

not included in the regression analysis, it is obtained

Fig. 1. Plot of the logarithm of the cell specific heat rdggn, in J

T
¥

8
log No

oules per cell and day, against the logarithm of the initial number of

microorganisms of the soil sampléy, in number of cells per gram of soil wet weight.
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log cell-Corg

Fig. 2. Plot of the logarithm of the cell specific heat rdign, in Joules per cell and day, against the logarithm of the number of cells
per gram of SOC, cells+g.
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Fig. 3. Plot of the cell specific heat rate valukgn, against the pH of the soil samples used in this work.
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a positive lineal relation between the carbon content using different indexes (§ CO,, and heat) suggests
of the samples and the number of microorganisms. that it has a common origin.

No more significant correlations were found. Another index of efficiency of soil microbial ac-
tivity is the number of microorganisms per organic
carbon. Increased values ofyfe to Corg ratio indi-

4. Discussion cates accumulation of carbon in soil and viceversa
[12]. In this work, an inverse hyperbolic relation was
Results shows that the basal respiration of soils stud- found between the cell specific heat raggn, and the
ied in terms of energy dissipation vary a great deal number of microorganisms per unit carbon, cellgyC
within samples. The reasons appear really difficult to As Eq. (2) shows, it seems that increased values of
establish due to the complex nature of soil systems. cells-Gyq (that means, accumulation of carbon in soil)

Soils from the Amazon showed higher basal respi- diminish the values og,n, that is, the cell specific

ration in terms oflg,s and less efficient activity re-  activity in the soil. Therefore, increasing microbial
flected in higher values of the cell specific heat rate density and cells-;4 leads microorganisms to a more
Jo/N, than soils from Galicia. The reason for that dif- economic and efficient metabolism and to dissipate
ference could be the higher mean temperature of the less energy as heat per unit of cell. The same response
Amazonian soils. It has been reported theEO,) in- is observed in studies based on the ;C&olution,
creases with temperatufg0] and that basal respira- therefore low microbial biomass values can be char-
tion in terms of CQ in cooler climates is lower than  acteristic of either stress or disturbance. The Franz
in warmer climateg11]. Values oflg/s andJg/n re- Josef Glacier data demonstrates that a lKggGoy)
ported in this paper could follow the same pattern.  and a low microbial biomass may both occur reflect-

A very close negative relation was found between ing their dual response to underlying strésk,14]. In

the cell specific heat rate and the number of microor- this work the cell specific heat rate appears to follow
ganisms of the samples. Analysis of the dependencethe same pattern. The samples with the lower num-
betweenJo,n and the number of microorganisms ber of microorganisms, showed the highest values of
resulted in an inverse hyperbolic relation. The rela- Jg/N, that means, the less efficient metabolism. One
tion is consistent with the study of Santruckova and of those samples was collected in the Cassava planta-
Straskrabd15]. They report a strong negative rela- tion in the Amazon. The roots of Cassava synthesize
tion betweenq(CQOy) (amount of CQ released per cyanide, which is poisonous for aerobic metabolism.
gram of soil biomass) and microbial biomass. The This fact could cause stress. The other sample was col-
slope—1.181, that they obtained is very close to that lected in a Primary forest with a low organic matter
reported in this work—1.116. Although, the relation  percentage in the Amazon. As it has been established
between specific basal respiration and biomass wasthat soil microbial biomass and biomass C-to-organic
also apparent for several studig<l,16] it is not yet C ratios both respond readily to disturbance effects
well understood. Some authors had written about [21,22], their relation talg,n values would permit to
the existence of spurious correlati¢h7,18] but in use this index as an early warning on the deteriora-
contrast, Prairie and Birfll9] demonstrated that the tion of soil quality and as an alternative measure of
existence of spurious correlation does not negate thechanges in microbial biomass in response to distur-
existence of the shape of their regression. Almost bance as it was done wit(CGQ,). Results show that

all measurements can be considered ratios of somethe introduction of agriculture in the sampling sites of
other values; it is common to express values per unit this work, altered the values dg,n when compared
weight, unit time or unit length. Besides, the relation to those obtained from nearby Primary forests.
between cell specific heat rate and biomass have been The question now is: which factors may affect the
found also in terms of oxygen consumption per cell microbial density in soil?

in aquatic ecosystemg0]. The slope was-0.89, Literature reports that microbial biomass depends
close to our value also. Therefore, the similarity of positively on the SOC content and on soil moisture
the relationship between specific microbial activity [14,23]. In this work we find the same relation to SOC,
and population density observed in soil and water when samples collected in location P are not included
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in the correlation analysis. Increasing values of car- crocalorimetry in this work, were not correlated with
bon in soil, affect positively the microbial density and the microbial biomass in agreement with Santruckova
diminish the cell specific heat rate. This effect is ob- and Straskrabfl5] which report that soil respiration
served in samples collected in Galicia and in the T was not related to microbial biomass since it remains
area in the Amazon. If we study the samples collected nearly on the average constant. Nevertheless, basal res-
in the P location in the Amazon separately, we ob- piration studied as Cg&evolution, has been found to
serve that the sample with the highest value of SOC be highly correlated with microbial biomass by other
(Pi) has a lower number of microorganisms than the authors[25,26] and Sparling[2] reported a positive
sample Ppf with lower SOC value but higher micro- dependence between heat flow rate in milliwatts and
bial biomass. It is clear that in this area some other en- microbial biomass.

vironmental factors affect the microbial density. They In this work, we did not find a consistent relation
could be the anaerobiosis developed in the igarapésof the basal respiration and microbial biomass of the
due to rapid sedimentation during the seasonal flood of samples with the pH. It has been reported that neu-
Negro River and the existence of cyanide in the soils tral acidification has strong effects on microbial per-
supporting Cassava. These facts could be affecting theformance in linear forest soj27] and that increased
correlation between SOC and microbial biomass. pH, increases the soil respiration and soil microbial

If we study the soils included in the regression, we biomasg28]. In our study the effect of pH is not very
observe that in Galicia, reforestation with Pinus and clear.Fig. 3shows thatlg/n appears to decrease with
agriculture reduces the microbial biomass, the SOC increasing pH in an attempt to showd,n responds
and increases the cell specific respiration in terms of asq(CQ), since it has been stabilized that, enhance-
Jo/n when compared to the Primary forest there. In ment ofq(CQ,) by low pH values is indicative of stress
that sense, Pinus could be responsible of stress. In l0-[27]. The relation reported here is only qualitative.
cation T in the Amazon, soils show an opposite pattern. The reason could be that differences in pH among the
Samples supporting agriculture and pasture show thesamples are not strong enough to show their effect.
highest microbial biomass and lowest valuesigi. On the whole, our results suggest that SOC affects
The Primary forest in this area had a very low value the microbial density of the samples, while percent of
of SOM and percentage of humidity that could affect nitrogen and C/N ratio have a stronger influence on
the microbial density and activity. The use of fertiliz- the basal respiration measured as heat. The microbial
ers that increase pH in the arable lands here and thebiomass affected strongly the cell specific heat rate.
presence of cattle in the pastures, could be responsibleThe increase in the number of microorganisms and the
of the increase in SOM and SOC observed in these increase of the number of cells per organic carbon re-
samples, affecting positively the microbial density and duces the cell specific heat rate. Two possible reasons
for some unknown reason, leading microorganisms to could be
a more efficient metabolism reflected in lower values
of JQ/N.

In this work, no correlation was found between ni-
trogen andlo,n but there is a positive linear relation
between the soil mass specific heat &jgs, and the
nitrogen and a negative linear relation betweeys

e If carbon availability is one of the driving vari-
ables for the microbial biomass, as it has been re-
ported[14], the organic matter input in soils could
have favoured organisms, which are endowed with
a more economic metabolisrfihis fact could ex-

and C/N ratio. This is consistent with other studies that
found that microbial activity was correlated to nitrogen
at a higher level of significance than with SOC, this
stresses the importance of nitrogen availability for mi-

crobial metabolism while SOC solely reflects the size o

of the organic matter podR4]. No correlation was
found betweenlgn andJg/s. The reason could be
that both indexes provide different information about
microbial activity. Values oflg/s recorded by mi-

plain the enhancement of the microbial population,
accompanied by the reduction &g,n, observed in

the samples collected in the arable lands and pas-
tures in location T in the Amazon.

The increase in the number of microorganisms
makes micropopulation of soil to develop a more
economic metabolism. As almost any type of bi-
ological activity needs energy to meet different
environmental conditions and because the available



170

energy may also be limited, the strategy of energy
regulation and the efficiency of energy utilization
is of utmost importance for the survival and growth
of the different organisms and for the competi-
tion or co-operation between these organisms in
any natural habitg29]. In summary, if the micro-
bial population increases in a plot of land for any
reason, the cell specific heat rate diminish in an
attempt of microorganisms to organize their activ-
ity better, since the work they have to do now is
shared by a high number of microorganisms.
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