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ABSTRACT: Bacteria and fungi are the most active decomposers of organic materials in soil.
They directly affect plant nutrient availability, and chemical and physical properties of soils.
This investigation aimed at quantifying the effect of several organic materials on microbial
activity of a Rhodic Eutrudox. Soil samples were incubated over a period of 91 days with the
following organic materials: cattle manure (CM), earthworm humus (HM), and city sewage sludge
from Barueri (BA) and Franca (FR). The activities of cellulase, protease and urease enzymes, the
soil microbial carbon content (by fumigation-extraction method) and the exothermal effect
were evaluated. Experimental design was randomized and arranged as factorial scheme five
treatments × seven samplings with five replications. Organic materials promoted oscillations
in microbial carbon (mg C g–1 soil), and enzyme activities  - cellulase (µg glucose g–1 soil 24 h–1),
protease (mg Tyr g–1 soil 2 h–1), urease (mg NH

4
+-N g–1 soil 2 h–1) - and the total thermal effect (J g–1 soil),

in the following decreasing order: (1) CM - 21.47; 655.90; 49.68; 24.55; 477.90; (2) BA - 12.98; 367.70;
32.76; 10.66; 426.29; (3) FR - 11.60; 273.40; 18.77; 19.35; 368.00; (4) HM - 11.77; 261.00; 17.05; 9.02;
202.79; (5) control. Correlations were obtained between microbial carbon and cellulase and protease
activities (r = 0.54; p < 0.001), and between the exothermal effect and protease activity (r = 0.34;
p < 0.005). Enzyme activity was closely related to soil microorganisms, therefore, reflecting on the total
thermal effect.
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ATIVIDADE ENZIMÁTICA DA MICROBIOTA E EFEITO
TÉRMICO EM SOLO TROPICAL TRATADO COM

COMPOSTOS ORGÂNICOS

RESUMO: Bactérias e fungos são os organismos mais ativos na decomposição de compostos orgânicos
no solo, afetando diretamente a disponibilidade de nutrientes para as plantas e as propriedades
químicas e físicas dos solos. Este estudo quantificou o efeito de diversos compostos orgânicos na
atividade microbiana de um Latossolo Vermelho Eutroférrico típico. As amostras de solo foram
incubadas durante 91 dias sob os tratamentos: esterco bovino (CM), húmus de minhoca (HM), e os
lodos de esgoto de Barueri (BA) e Franca (FR). Foram avaliadas as atividades das enzimas celulase,
protease e urease, o carbono microbiano do solo (método fumigação-extração) e o efeito exotérmico
total. O delineamento experimental foi inteiramente casualizado, em esquema fatorial cinco tratamentos
× sete amostragens com 5 repetições. Os compostos orgânicos promoveram oscilações no carbono
microbiano (mg C g–1 solo), na atividade das enzimas celulase (µg glicose g–1 solo 24 h–1), protease
(mg Tyr g–1 solo 2 h–1) e urease (mg NH

4
+-N g–1 solo 2 h–1) e no efeito térmico total (J g–1 solo), na

seguinte ordem decrescente: (1) CM - 21.47; 655.90; 49.68; 24.55; 477.90; (2) BA - 12.98; 367.70; 32.76;
10.66; 426.29; (3) FR - 11.60; 273.40; 18.77; 19.35; 368.00; (4) HM - 11.77; 261.00; 17.05; 9.02; 202.79; (5)
controle. Correlações foram obtidas entre o carbono microbiano e as enzimas celulase e protease
(r = 0.54; p < 0.001), e entre o efeito exotérmico e a protease (r = 0.34;  p < 0.005). A atividade de
enzimas esteve diretamente relacionada à microbiota do solo, refletindo, dessa forma, no efeito térmico
total.
Palavras-chave: enzimas, carbono da biomassa, materiais orgânicos, microrganismos do solo,
microcalorimetria
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INTRODUCTION

Microorganisms play a major role on decom-
position of several organic compounds frequently used
in agriculture, which directly affect the synthesis and
decomposition of soil organic matter (Carney &
Matson, 2005). Investigations aiming at studying soil
organic matter turnover have established the monitor-
ing of microbial enzymes as biochemical parameters
(Dinesh et al., 2004).

The main microbial enzymes involved in the
mineralization of soil organic matter are cellulases, pro-
teases, ureases and phosphatases (Albiach et al., 2000;
Kunito et al., 2001). Cellulase decomposes cellulose
compounds present in fresh plant residues that are
continuously deposited above soil - the litter layer (Dilly
& Nannipieri, 2001). Nitrogen fertilization is the most
important management strategy for the improvement
of agricultural crops. Urea is the most widely used
source of organic N fertilizer in the world, which is
easily hydrolyzed to ammonium and carbon dioxide by
urease enzyme (Masciandaro & Ceccanti, 1999). Or-
ganic nitrogen also affects directly the distribution and
action of proteolitic enzymes in soils (Insam, 2001).

The influence of organic materials on micro-
bial biomass and its activity can be monitored by mi-
crocalorimetry technique, since any chemical and/or
biological reaction is accomplished by heat variations
(Prado & Airoldi, 2001; Núñez-Regueira et al., 2002).
It is an useful tool for evaluating the metabolism of
microbial biomass in soils (Critter et al., 2004a, b), be-
cause it is possible to correlate the heat produced in
the various processes with the overall soil metabolism,
independently of the organism type and intermediate
reactions (Núñez-Regueira et al., 2002).

Accordingly, the objective of our work was to
evaluate the influence of some organic amendments,
which are of great use in agricultural systems, on soil
microbial metabolism by quantifying the activity of
some enzymes, microbial carbon content and the to-
tal thermal effect.

MATERIAL AND METHODS

Samples of a clayey-textured Rhodic Eutrudox
were collected from a corn cropping farm (22°53’ S,
47°05’ W) near Campinas, State of São Paulo (SP),
Brazil, in February 2000. Climate is subtropical, with
a wet summer and dry winter (Cwa Koeppen). Soil
samples had the top litter layer removed, sieved
through a 2 × 2 mm mesh screen and dried until con-
stant mass at 378K for moisture content determina-
tion.

The commercial organic materials used were:
manure (CM), earthworm humus (HM) and sewage
sludge from Barueri (BA) and Franca (FR) munici-
pal districts, SP, Brazil. They were sieved through a
2 × 2 mm screen and added to the soil samples at
the proportion of 25% on a dry mass basis. Five soil
replicates were prepared by mixing 25 g of each or-
ganic material to 75 g of soil. Control replicates (C)
were prepared by weighing 100 g of soil without ad-
ditions of organic materials. Seven samplings were
performed every 15 days during 91 days. Soil samples
were stored in open plastic bags moistened every
week up to 60% of water holding capacity (WHC),
and maintained in an incubation room at 301 ± 2K.
Chemical analysis of the soil and organic materials,
performed according to Andrade & Abreu (2006) are
on Table 1.

Table 1 - Chemical characteristics of a Rhodic Eutrudox soil and the organic compounds cattle manure, earthworm humus
and municipal sewage sludges from Barueri and Franca municipalities.

Organic Compounds Moisture C N P K Ca Mg S Fe

% ---------------------------------  g kg–1 ----------------------------------

Soil  12.7  38  1.4  1.1  1.0  0.9  0.5 0.2  131.8

Cattle Manure  6.6  111  12.2  6.3  10.8  5.4  3.7 2.7  28.3

Earthworm Humus  32.8  142  14.8  16.3  2.0  12.8  3.3 2.7  22.4

Barueri Sludge  9.7  353  31.9  31.9  1.3  33.2  6.5 6.0  38.1

Franca Sludge  10.3  411  51.1  1.9  1.9  13.3  2.2 11.9  21.7

Organic Compounds pH
(CaCl2) 0.01 mol L–1 Mn Zn Cd Cu Cr Ni Pb

Soil  5.8  500  58  <0.1      96  153.2  21.9 46.1

Cattle Manure  7.3  493  90  0.7      79  34.1  12.2 19.4

Earthworm Humus  6.2  497  240  <0.1     251  26.4  12.4 25.4

Barueri Sludge  12.5  502  5594  35.8   1639     803    724 256

Franca Sludge  6.0  219  1418  1.3     350   1072   68.2 95.9
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Cellulase activity was determined through
the measurement of glucose as the final product
of cellulose degradation (µg glucose g–1 soil 24 h–1)
(Hope & Burns, 1987). Protease activity was obtained
through the determination of tyrosine amino acid
concentration in the soil samples after incubation
with sodium caseinate (mg Tyr g–1 soil 2 h–1)
(Ladd & Butler, 1972). Urease activity was based
on the determination of ammonia released after
incubation of the soil samples with an urea solution
(mg NH4

+-N g–1 soil 2 h–1) (Tabatabai & Bremner,
1972).

The fumigation-extraction method (Vance et
al., 1987) was used to determine soil microbial car-
bon (mg C g–1 soil), extractable in K2SO4 solution
(0.5 mol dm–3). A thermal activity monitor microcalo-
rimeter, model LKB 2277, Thermometric AB,
Sweden, was used for thermal effect measurements.
Soil samples (0.75 g) were mixed with 0.25 g of
organic materials in stainless steel ampoules. An
ampoule containing 1.0 cm3 of distilled water was
used as reference. Ampoules were hermetically
closed and Teflon sealing discs were used to avoid
evaporation. Each measurement was run for 1 h
after baseline stabilization. The exothermal effect
(J g–1 soil) obtained was calculated by the integra-
tion of the area under the power curve (∆P/µW) ver-
sus time (∆t/s).

Experimental design was randomized and ar-
ranged as factorial scheme five treatments × seven
samplings with five replications. Treatment effects
were statistically evaluated by one-way analysis of vari-
ance. Tukey’s test was used for mean comparisons
at p ≤ 0.05, and a linear Pearson’s correlation analysis
was performed in order to correlate the enzyme ac-
tivities to soil microbial carbon and the exothermal ef-
fect.

RESULTS AND DISCUSSION

Enzymes
The effect of addition of organic materials was

strong enough to produce significant results on the
activity of enzymes related to carbon and nitrogen
cycles (Figures 1-3). The cattle manure treatment
yielded the highest levels of nutrient-related enzymatic
activities and was different from the other treatments.
Cellulase activity increased at the beginning of experi-
ment (188 µg glucose g–1 soil 24 h–1), decreased over
time reaching a minimum value near the 31th day (25.5
µg glucose g–1 soil 24 h–1), and after what increased
until the last sampling (151.6 µg glucose g–1 soil 24
h–1) (Figure 1A).

BA sludge increased the microbial production
of cellulases around the 45th day (85.2 µg glucose g-1

soil 24 h–1), followed by subsequent oscillations, when
in comparison to FR sludge. Although BA contained
higher levels of Pb, Ni, Cd and Mn than FR (Table
1), it seems that metal concentrations were not high
enough to inhibit the cellulase activity. Brendecke et
al. (1993) found no adverse effect of four years of
annual sludge application on microbial activity. The ef-
fects of heavy metals on soil enzyme activities are
likely to strongly depend on the metal concentrations.

The overall cellulase activity was the lowest
in samples treated with HM (261 µg glucose g–1 soil
24 h–1), but higher than those of unamended control.
Such results may be related to the humified composi-
tion and stability of the earthworm humus, thus less
rich in carbohydrates for soil microorganisms (Pascual
et al., 1998). CM also increased the production of pro-
teases (49.68 mg Tyr g–1 soil 2 h–1) (Figure 2B). La-
bile nitrogen compounds in CM have a relatively rapid
turnover in soil, thus being readily utilized as a soil mi-
croorganisms substrate (Albiach et al., 2000).

Figure 1 - Cellulase activity (µg glucose g–1 soil 24 h–1) (a) and sum of results ( mg glucose g–1 soil 24 h–1) (b) in soil samples of a Rhodic
Eutrudox (C) amended with cattle manure (CM), earthworm humus (HM) and Barueri (BA) and Franca (FR) sewage sludges
during 91 days.
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Barueri and Franca sludge did not present great
oscillations in proteolytic activity during the incuba-
tion experiment. Therefore, the overall protease activ-
ity for BA (32.76 mg Tyr g–1 soil 2 h–1) was higher
than in samples treated with HM and FR (17.05 and
18.77 mg Tyr g–1 soil 2 h–1, respectively). This was
probably due to a high pH level of the BA sludge
(around 12.5) which contributed to reduce the dam-
aging effect of high metal contents on the microbial
enzymatic activity. Heavy metals become unavailable
in soils with high pH. Although FR contained the high-
est total nitrogen value (51 g kg–1), microorganisms
experienced some difficulty to decompose the com-
plex forms of protein-type nitrogen-containing com-
pounds due to the greater availability of heavy metals
(Banerjee et al., 1997).

Microbial production of ureases started lately,
around the 76th day (Figure 3A), as compared with cel-
lulase and protease activities. Organic compounds con-
tained small amounts of available urea, as observed in
the first sampling. Possibly, a gradual mineralization of
nitrogen-rich substrates by proteases released urea as
a product from subsequent activity of ureases (Fig-

ure 2A) (Masciandaro & Ceccanti, 1999). CM induced
greatest production of ureases along the 91 days (24.55
mg NH4

+-N g–1 soil 2 h–1) – since it is composed pre-
dominantly by urine and solid wastes – (Figure 3B) and
as observed earlier for cellulases (Figure 1B) and pro-
teases (Figure 2B).

Franca sludge had higher NH4
+-N values

(19.35 mg g–1 soil 2 h–1) than BA sludge (10.66 mg
NH4

+-N g–1 soil 2 h–1). This may be because FR sludge
had a higher level of substrates able on activating the
urease synthesis, thus inhibiting the heavy metals dam-
aging effects (Sastre et al., 1996).

As observed to cellulase and protease enzymes
(Figures 1 and 2), urease production in the samples
treated with HM showed the least NH4

+-N values
(9.02 mg g–1 soil 2 h–1) suggesting that the complex
polymeric composition of HM are more resistant to
decomposition. Bremner & Mulvaney (1978) and
Nannipieri et al. (1996) have reported that humic ac-
ids and ureases are closely associated in soils. The en-
zymatic activity is stabilized when associated to organic
and inorganic colloids, acting as a fundamental gate-
way for extra cellular urease stabilization in soils.

Figure 2 - Protease activity (mg Tyr g–1 soil 2 h–1) (a) and sum of results (Σ mg Tyr g–1 soil 2 h–1) (b) in soil samples of Rhodic Eutrudox
(C) amended with cattle manure (CM), earthworm humus (HM) and Barueri (BA) and Franca (FR) sewage sludges during 91
days.
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Figure 3 - Urease activity (mg NH4
+-N g–1 soil 2 h–1) (a) and sum of results (Σ mg NH4

+-N g–1 soil 2 h–1) (b) in soil samples of Rhodic
Eutrudox (C) amended with cattle manure (CM), earthworm humus (HM) and Barueri (BA) and Franca (FR) sewage sludges
during 91 days.
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Soil Microbial Carbon
Figure 4A shows experimental treatments effect

on the microbial biomass contents in the soil. Large dif-
ferences were observed owing to a high variability of
biochemical composition of the organic materials. At the
beginning of the experiment CM enhanced microbial C
at least twice higher than the other treatments, as ex-
pected. The incorporation of easily available compounds
in CM activated the soils´s autochthonous microorgan-
isms (Pascual et al., 1998). A similar peak of microbial
growth was observed around the 46th day for all treat-
ments. Afterwards, microbial carbon decreased in all
treatments, and around the 61st day only samples treated
with CM were different from the others (Figure 4A).

Microbial community was more strongly influ-
enced by CM than by BA, FR or EC, which were not
different (Figure 4B). Organic treatments stimulated
microbial growth and the enzymatic activity due to an
enrichment of soil organic matter (Marinari et al., 2000).
Soil microbial carbon correlated to cellulase and pro-
tease activities (r = 0.54, p < 0.001) (Table 2), indi-
cating that production of extra cellular enzymes is re-
lated to microbial biomass enhancement (Albiach et al.,
2000). Cellulase and protease enzymes are good mark-
ers of soil biological activity, since they are involved

Parameters
Microbial

Carbon Microcalorimetry

Cellulase 0.548** ns

Protease 0.547** 0.346*

Urease ns ns

Microcalorimetry ns -

Table 2 - Pearson’s coefficient (r) correlations among
enzymatic activity, microbial carbon and
microcalorimetric results obtained from a Rhodic
Eutrudox soil samples.

r: Pearson’s coefficient; *: significant at α < 0.05; **: significant
at α < 0.001; ns: not significant

Figure 4 - Microbial biomass carbon (mg C g–1 soil) (a) and sum of results (Σ mg C g–1 soil) (b) in soil samples of Rhodic Eutrudox (C)
amended with cattle manure (CM), earthworm humus (HM) and Barueri (BA) and Franca (FR) sewage sludges during 91
days.
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in microbial cycling of nitrogen-rich substrates and
cellulose compounds, the most abundant components
of organic matter. In turn, the enzymatic activity con-
tributed to higher quantities of microbial C (Dilly &
Nannipieri, 2001).

No correlation was found between microbial
C and urease activity. Increases of urease production
around the 76th day (Figure 3A) did not correspond to
the period of highest microorganism growth, near the
46th day (Figure 4A). This can be explained by
microorganism’s rapid ammonium-N assimilation (con-
sumed or immobilized) before it could be quantified by
urease methodology (Masciandaro & Ceccanti, 1999).

Microcalorimetry
Typical microcalorimetry power-output curves

are reported in Figures 5A (average values) and 5B (cu-
mulative values). Microcalorimetry did not show dif-
ferences for samples treated with BA, FR or CM.
Power time curves were similar, presenting a peak
time around the 16th day, that represented the highest
recorded microbial activity. Afterwards, thermal effect
tended to decrease and stabilize, but beside 31th CM
yet higher heat production was still maintained, fol-
lowed by BA and FR. All these data approximately rep-
resent the different phases of microbial growth - la-
tency, exponential growing, steady phase and decay
(Núñez-Regueira et al., 2002).

It was impossible to detect the effect of spe-
cific reactions, such as the influence of heavy metals
on microbial metabolism for samples treated with city
sewage sludges. Total thermal effect can be divided
into anabolic (endergonic) and catabolic (exergonic)
reactions. In a microcalorimetric system, where mi-
crobial growth can be limited by physical factors such
as diffusion processes or space, the anabolic enthalpy
change is likely to be small as compared to catabolic
reactions (Albers et al., 1995).
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Earthworm humus contributed to the lowest
values of exothermal effect, but above those of the
control. Enzyme activities (Figures 1-3) and the soil
microbial carbon (Figure 4) showed that microbial ac-
tivity in the samples treated with HM was smaller. The
accumulation of resistant substances, such as humic
and fulvic acids, as well labile organic compounds,
were previously degraded during the composting pro-
cess. Therefore, earthworm humus can be an impor-
tant source of nutrients for microorganisms and plants
during long-term periods (Pascual et al., 1998).

Only the protease enzyme was found to be cor-
related with microcalorimetry measurements. (Table 2).
Total thermal effect increased near the 16th day (Figure
2A, Figure 5A). The peaks representing microbial pro-
duction of cellulases (Figure 1A) and ureases (Figure
3A) did not coincide with the values of the exothermal
effect. Microbial carbon and the total thermal effect
were not also correlated, since microbial C express only
the total amount of carbon retained as microbial biom-
ass, while the total thermal effect reflects the interac-
tive effect of soil biochemical properties plus microbial
anabolic and catabolic reactions (Critter et al., 2002).

CONCLUSIONS

Cattle manure enhanced the production of en-
zymes, the microbial biomass and the exothermal ef-
fect, as well as, but in a lesser degree, the Barueri and
Franca sewage sludge. Taking into account the high
enzyme sensitivity to the amount of substrate as well
as the possible toxic effect of heavy metals, the chemi-
cal composition of the organic materials, after it has
been added to the soil, may be considered the most
important factor influencing on the enzymatic activ-
ity. Microcalorimetry shows to be a powerful tool to
quantify carbon utilization by soil microorganisms,
which in turn leads to a better understanding of the
dynamic of soil microbial metabolism.
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