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Effect of deforestation on soil microbial activity
A worm-composite can improve quality?
A microcalorimetric analysis at 25◦C
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Abstract

All crops grow in the soil environment; thus, soil properties are of great importance to determine plant and crop conditions.
An index to assess soil fertility is its microbial activity. In this sense, in the present work we report the microbial activity
of three soils selected by age of deforestation as determined by microcalorimetry at 25◦C and its correlation with organic
matter content and colony formation units in two growth media. Also the effect of a worm-composite, currently used as soil
fertiliser, on the poorest soil is evaluated.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

All crops grow in the soil environment; thus, soil
properties are of great importance to determine plant
and crop conditions. Nowadays, arable land is be-
coming progressively deteriorated due to bad habits
of soil and crop handling such as excessive defor-
estation, lack of crop rotation, wrong practices of
irrigation and excessive pesticide applications. As a
consequence, productivity decreases.

Tucumán Province, Argentina, has an economy
mainly based on agriculture. Eastern semiarid areas

∗ Corresponding author. Present address: Paraguay 668, CP T
4107 DDN, Yerba Buena, Tucuḿan, Argentina.
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have been completely deforested. A common practice
is the production of soybean, wheat, sugarcane, lemon
and tobacco. Sub-tropical areas in the West have been
traditionally harvested with sugarcane but lemon trees
and tobacco progressively replace the old plantations.
A common practice during sugarcane harvest since
many years ago was to burn it. Also, fumigation with
several biocides and irrigation with contaminated wa-
ters is very frequent. All these practices are causes of
soil deterioration.

An index to assess soil fertility is its microbial ac-
tivity [1]. Soil microbial community is highly hetero-
geneous. Among them, bacteria are the most and it is
through their metabolic activity that minerals and soil
organic matter are transformed in a way that impor-
tant nutrients such as N, P, and S are simultaneously
converted into assimilable forms for plant and other
micro-organisms. As a result, these micro-organisms
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play an important role in the decomposition of organic
matter, nutrients recycling and soil formation.

Most of the soil micro-organisms are viable but not
cultivable. Microcalorimetry allows determination in
situ, therefore is more reliable than routine microbio-
logical methods. Many authors have used calorimetry
for measurements of soil microbial activity[2-7 and
Ref. in 8].

In this work, we report the microbial activity of
three soils selected by age of deforestation as deter-
mined by microcalorimetry at 25◦C and its correlation
with organic matter content and colony formation
units in two growth media. Also, the effect of a worm-
composite used as soil fertiliser on the poorer soil is
evaluated.

2. Experimental

2.1. Soil sampling

Soil samples were collected on May 1999 from
three soybean fields from the southeast area of Tu-
cumán Province, Argentina, according to the age of
deforestation ((A) 3 years; (B) 6 years and (C) 15
years). Ten sites were randomly chosen on each field
and sub-samples were collected up to a depth of 15 cm
after removing the very top layer. After combination
of sub-samples they were sieved (2× 2 mm2) to re-
move rests of roots and coarse material. An aliquot
was taken to determine soil sampling humidity and
the remaining sample was air-dried over a week
and further stored in polyethylene bags at 5◦C until
used (3 months). This treatment allows exchange of O2
and CO2 but not water vapour and ensures repro-
ducibility of calorimetric results[5].

2.2. Physicochemical determinations

Moisture content (MC) was determined by drying
an aliquot (×2) until constant weight at 105◦C [9].
Field capacity humidity (FCH) was determined by
preparing a glass column, of the column chromatog-
raphy type (20 mm i.d.) with soil (450 mm) and left
to equilibrate over a baker containing distilled water
during a week. Then, moisture content of samples
taken 50–100 mm above the water level was deter-
mined [5]. pH was measured with a glass electrode

on a suspension of soil in deionised water (1:2.5)[9].
Organic matter (OM) was determined by oxidation
with K2Cr2O7/H2SO4 [9].

2.3. Microbiological determinations

Colony formation units per gram of dry soil
(CFU g−1) were determined by the plate dilution
method in two different growth media (agar-agar and
Trypteine Soy Agar (TSA)). The plates were incu-
bated at 25◦C over a week or two[2,10].

2.4. Inoculation with worm-composite
(Nutrilomb-20; UNRC)

Nutrilomb-20 is a composite made with the excre-
ments of worms (Eisenia foetida) and further work-up
with yeast and other micro-organisms. The inoculation
process was performed by placing soil samples with
an MC of 0.15 g g−1 (about 110.0 g dry weight) in
a beaker(75 mm i.d × 75 mm). The worm-composite
was diluted to a 5% solution with sterile water and
0.4 ml of this solution was used to inoculate the soil
samples as follows: C1, inoculated with nutrilomb; C2,
inoculated with sterile (membrane filtration, 0.2�m)
nutrilomb; C3, control of non-sterilised samples; C4,
control for soil samples C5 and C6 treated at 121◦C,
1 atm during 20 min; C5, inoculated with nutrilomb
and C6, inoculated with sterile nutrilomb. Samples
were left at laboratory room temperature during Jan-
uary and February (35–40◦C) and then, air-dried and
stored as stated previously until used.

2.5. Calorimetric determinations

A twin heat conduction type microcalorimeter
(Lund University, Sweden) as described elsewhere
[11] was used. Soil sample (1000.0 ± 5.0 mg) equi-
librated at the desired MC in polyethylene bags
during 24 h was evenly placed on the bottom of the
calorimetric ampoule (8.0 cm3) and a glucose solu-
tion (0.05 ml) was added to record the thermal power
(P)–time (t) curve of microbial growth. Control ex-
periments were performed with 0.05 ml sterile water.
By using the Origin 4.0 program (Microcal, Inc.), the
curves obtained were processed.

Results reported are the mean of at least three repli-
cates (±S.D.) and referred to soil dry weight.
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3. Results and discussion

Table 1shows the physicochemical and microbio-
logical properties for soils A (3 years), B (6 years)
and C (15 years) since deforestation and soil A with
a moisture content of: (a) 5% and (a′) 13%. It is in-
teresting to note that CFU g−1 values for soil A with
4.11 and soil B with 3.17% OM are higher in TSA
whereas the highest value for soil C with 1.88% OM
is in agar-agar. TSA is a rich growth media whereas
agar-agar is very poor. Microbial growth in the soil oc-
curs under conditions where a mixture of populations
with different affinities for the substrate coexists. Soil
C is microbiologically and chemically very poor and
the populations that prevail in it need less concentra-
tion of nutrients. Thus, these populations need a longer
time to be observed in a growth medium and there-
fore a poor one is more convenient; their metabolism
is different from that of micro-organisms used to a
rich environment. These higher CFU g−1 values are
linearly related to OM (g g−1) values through the fol-
lowing equation:

CFU g−1 = 1.61× 107 + 22.7 × 107 × OM

100
,

r2 = 0.99 (1)

On the other hand, when soil is stored under stress
conditions (water stress) as for samples (a) and (a′)
micro-organisms need some time to adapt on the ad-
dition of water. When a dilution of the soil suspen-
sion in water is spread on a poor media as agar-agar
and left to incubate until maximal growth, most of the
micro-organisms have time to grow. Counting in this
case might include fungi and other micro-organisms
in addition to bacteria whereas in soil stored under
optimal MC (i.e. soils A–C) the micro-organisms that

Table 1
MC of samples at the time of experiment, FCH, pH, OM and CFU g−1 values as determined by using agar-agar and TSA as growth media
for soils A (2–3 years), B (5–6 years) and C (10–15 years) after deforestation and soil A with an MC of (a) 4.7% and (a′) 12.9%

A B C a a′

FCH (%) 27.80± 0.20 22.40± 0.40 23.00± 0.30 27.80± 0.20 27.80± 0.20
MC (%) 26.60± 0.10 22.30± 0.10 22.40± 0.10 4.70± 0.20 12.90± 0.10
pH 7.25 6.92 6.51 7.25 7.25
OM (%) 4.11 ± 0.02 3.17± 0.08 1.88± 0.01 4.11± 0.02 4.11± 0.02
10−7 CFU g−1 agar-agar 2.29± 0.27 1.11± 0.16 2.09± 0.06 10.10± 1.10 8.00± 0.30
10−7 CFU g−1 TSA 2.53 ± 0.16 2.41± 0.25 1.07± 0.15 1.38± 0.10 1.44± 0.28

grow are those more adapted consuming all nutri-
ents of the sample. The CFU g−1 values obtained in
agar-agar for soil A with different MC are related to
the respective MC through the following equation:

CFU g−1 = 1.31× 108–4.04× 108 × MC

100
,

r2 = 0.99 (2)

Fig. 1shows average specific thermal power (p)–time
(t) curves due to the degradation of 4.0 mg glucose g−1

dry soil by the micro-organisms contained in soil A
with: (a) 5%, (a′) 13% and (A) 27% MC.Table 2
shows the thermodynamic parameters as determined
from the curves inFig. 1. Note that the growth peak
with a peak time (tpeak) at 41 h for sample A at
FCH. The intensity of this peak (pt) decreases with
decreasing MC of the samples. The peak at 8.5 h is
more intense than the one at 41 h for soil samples (a)
and (a′). At FCH water potential in the soil is about
−0.03 MPa[1]. Micro-organisms are deeply affected
by water potential. Some micro-organisms are toler-
ant to water stress but others are not and these latter
ones might be responsible for the peak at 41 h. A
linear relation was found between the metabolic heat,
�H ′

met, and the CFU g−1 values as determined in
TSA as shown in the following equation:

�H ′
met = −120.7 − 5.64× 10−5 × CFU g−1,

r2 = 1.00 (3)

The glucose consumed (mcons) was determined by re-
ferring theqobs values to the heat of glucose oxidation
[8] according to the following equation:

C6H12O6 (l) + 6O2 (aq) → 6CO2 (aq) + 6H2O(l),

�H ′ = −2862.17 kJ mol−1 (4)
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Fig. 1. Average specific thermal power–time curves for the degradation of 4.0 mg g−1 glucose by the microbial population of soil: (A)
26.6 (FCH), (a′) 12.9 and (a) 4.7% MC.

The fact that not all glucose was consumed is under-
standable if one considers that this substrate is not the
best for soil micro-organisms and a nitrogen source
was not added.

Experiments were also performed with soil A at
FCH amended with 1.2 and 0.4 mg g−1 glucose. Re-
sults are shown inFig. 2. It is interesting to note
how the glucose concentration becomes limiting for
micro-organisms involved with the peak at 41 h. A
linear correlation was found between theqobs and
the amount of glucose added (m), as in the following
equation:

qobs = 3.36–9.313× m, r2 = 0.99 (5)

Table 2
Thermodynamic parameters as determined from the microbial growthp–t curves fromFig. 2 due to the degradation of (mcons) mg g−1

glucose when 4.0 mg g−1 of the substrate was added to soil A with: (a) 4.7%, (a′) 12.9% and (A) 26.6% MCa

A a′ A

−qobs (J g−1) 19.68± 0.58 21.57± 0.97 34.37± 2.95
tp (h) 8.54 ± 0.50 8.49 ± 0.13 41.08± 1.47
pt (�W g−1) 163.50± 7.90 252.10± 14.40 492.50± 8.90
10−4 �t (s) 13.81± 0.32 4.13± 0.15 3.73± 0.25
−�H ′

met (kJ mol−1) 886.39± 26.12 971.51± 43.69 1548.02± 132.87
mcons (mg g−1) 1.24 ± 0.04 1.36 ± 0.06 2.16 ± 0.19

a The growth peak occurs during the time interval (�t) with a peak time (tp) of height (pt) producing a heat effect (qobs) that corresponds
to a metabolic heat�H ′

met.

The calculated heat value of−9.313 J g−1 corresponds
to �H ′

met = −1677.8 kJ mol−1 for the degradation
of glucose. In view of these results, soils B and C
were investigated at FCH. The intensity of the peak
at 41 h decreased from soils A to C thus, with age of
deforestation becoming almost imperceptible for soil
C (not shown). Therefore, further experiments were
performed during 15 h just to analyse the first peak
with 0.4 mg g−1 glucose.Fig. 3 shows thep–t curves
due to the degradation of 0.4 mg glucose.Table 3
shows the corresponding thermodynamic parameters.
It is interesting to note the shift of soil Ctpeak with
respect to those of soils A and B. Glucose as a carbon
source induces all enzymatic systems involved in its



E.E. Sigstad et al. / Thermochimica Acta 394 (2002) 171–178 175

Fig. 2. Average specific thermal power–time curves for the degradation of 4.0, 1.2 and 0.4 mg glucose by the micro-organisms of soil A
2–3 years after deforestation at FCH.

consumption. When the carbon source is limiting as
in the case of soil C, the enzymatic activity is delayed
and the lag phase becomes longer and therefore the
peak is shifted. For soils A and B, glucose concen-
tration is not limiting due to the existence of other

Fig. 3. Average specific thermal power–time curves for the degradation of 0.4 mg g−1 glucose by the microbial population of soil: (A)
2–3, (B) 5–6 and (C) 10–15 years after deforestation at FCH.

sources (i.e. OM) which is not the case for a poor soil
as C. It should be noted that these soil samples come
from the same ‘Estancia’ where crop production has
always been soybean (summer) and wheat (winter).
The only difference being the age of deforestation.
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Table 3
Thermodynamic parameters as determined from the microbial growthp–t curves fromFig. 3 due to the degradation of (mcons) mg g−1

glucose when 0.4 mg g−1 of the substrate was added to soil: (A) 2–3, (B) 5–6 and (C) 10–15 years after deforestation at FCHa

A B C

−qobs (J g−1) 2.05 ± 0.16 1.69 ± 0.15 1.31 ± 0.13
tp (h) 7.99 ± 0.11 7.99 ± 0.06 9.33 ± 0.01
10−4 �t (s) 1.56± 0.05 1.58± 0.03 1.20± 0.07
pt (�W g−1) 97.01± 0.80 80.69± 5.01 71.35± 5.59
−�H ′

met (kJ mol−1) 923.32± 72.06 761.18± 67.56 590.02± 58.55
mcons (mg g−1) 0.13 ± 0.01 0.11 ± 0.01 0.08 ± 0.01

a The growth peak occurs during the time interval (�t) with a peak time (tp) of height (pt) producing a heat effect (qobs) that corresponds
to a metabolic heat (�H′met).

The qobs values are directly correlated with the OM
values through the following equation:

qobs = −0.69–32.7 × OM

100
, r2 = 0.99 (6)

On the other hand, the product betweenpt and the peak
amplitude (�t) is directly correlated with CFU g−1

values as determined in TSA for soils A and B and in
agar-agar for soil C through the following equation:

pt × �t = 1.93− 1.36× 10−7 × CFU g−1,

r2 = 0.98 (7)

Fig. 4. Average specific thermal power–time curves for the degradation of 0.5 mg g−1 glucose by the microbial population of soil: (C)
10–15 years after deforestation, nutrilomb and autoclaved soil (C): (C4) control, (C5) inoculated with nutrilomb, (C6) inoculated with
sterile nutrilomb.

These latter correlations are very interesting in cases
of soil remediation. One could monitor the state of
the soil just by running microcalorimetric experiments
under the same conditions of the calibration curve de-
termination.

From the results shown above, it is clear that soil C
after 15 years since deforestation with continuous cul-
tivation is almost completely worn out. Thus, we de-
cided to perform some experiments on soil C samples
with a composite made out of worms (Nutrilomb-20),
which is sold as a foliage fertiliser and fungicide but
farmers are using it as soil fertiliser with very good
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Table 4
Thermodynamic parameters as determined from the microbial growthp–t curves fromFig. 4 due to the degradation of (mcons) mg g−1

glucose when 0.5 mg g−1 of the substrate was added to nutrilomb and to soil (C) 10–15 years after deforestation, inoculated soil (C): with
nutrilomb (C1), with sterile nutrilomb (C2) and control (C3), nutrilomb and sterile soil C: (C4) control, (C5) inoculated with nutrilomb,
(C6) inoculated with sterile nutrilomba

Nutrilomb C, C1–C3 C4 C5 C6

−qobs (J g−1) 6.13 ± 0.01b 2.15 ± 0.05 3.69± 0.15 5.35± 0.49 4.62± 0.14
tp (h) 21.93± 0.57 8.30± 0.20 17.92± 0.29 16.58± 0.19 18.58± 0.06

23.52± 0.67c

10−4 �t (s) 2.41± 0.39 1.13± 0.14 1.48± 0.09 1.37± 0.08 1.74± 0.04
pt (�W g−1) 82.70± 5.90b 107.10± 5.80 116.20± 6.10 134.60± 16.60 130.90± 0.60

86.20± 18.00c

−�H ′
met (kJ mol−1) 2208.76± 3.60 774.69± 18.02 1329.58± 54.05 1927.71± 176.56 1664.68± 50.44

mcons (mg g−1) 0.39 ± 0.01b 0.13 ± 0.00 0.23± 0.03 0.34± 0.03 0.29± 0.01

a The growth peak occurs during the time interval (�t) with a peak time (tp) of height (pt) producing a heat effect (qobs) that corresponds
to a metabolic heat (�H′met).

b Values per ml of nutrilomb.
c Corresponds to the second growth peak.

results. Samples (15% MC) were inoculated with this
material as explained inSection 2with a concentra-
tion equivalent to that used in the field (5% solution
and 0.1 l m−2). Sterilisation of samples did not elimi-
nate all micro-organisms contained in them. Values of
CFU g−1 of (1.62±0.30)×107 in the non-treated (au-
toclaved) samples were reduced to(5.4± 0.95)× 106

after treatment. CFU g−1 value in agar-agar for nu-
trilomb was(2.01±0.02)×105. Determined OM val-
ues were the same for treated and non-treated samples,
1.79± 0.07%. Analysis of OM for nutrilomb showed
a negative result with respect to easily oxidizable ma-
terial. Calorimetricp–t curves for samples C, C1–C3
(C: original sample, C1: inoculated with nutrilomb,
C2: inoculated with sterile nutrilomb and C3: control)
were identical whereas differences were observed for
samples C4–C6 (C4: autoclaved control, C5: auto-
claved, inoculated with nutrilomb and C6: autoclaved,
inoculated with sterile nutrilomb) as shown inFig. 4.
It is clear from curve C4 of Fig. 4 that the microbial
population contained in the soil samples subjected to
heat and pressure stress were not completely killed.
On addition of glucose, micro-organisms need more
time to adapt (lag phase) than those involved in the
curves of soil samples C and C1–C3. Note how the lag
phase is coincident with the growth peak of the curve
for soil sample C. Soil inoculated with nutrilomb (C5)
shows two growth peaks (16.6 and 23.5 h). The latter
peak corresponds to that of the nutrilomb (22.3 h)

whereas the first peak is almost coincident with that
of the control curve, C4 (18 h). In the case of C6, the
growth peak is also coincident with that of the control.
Calorimetric control experiments run by amending
the soil with different amounts of nutrilomb were not
different from those of the baseline (seeTable 4).

4. Conclusions

The p–t curves shown in this work clearly reflect
the growth characteristic of the micro-organisms con-
tained in the three soils studied and in the inoculated
soil C samples. Apparently, as soil becomes worn out
after years of deforestation and continuous crop pro-
duction, theautochthonousmicroflora decreases. This
is reflected in thep–t curves obtained when amending
the soil with 4.0 mg of glucose (not shown for soils B
and C). The peak at 41 h decreases from soils A–C.
Therefore, the micro-organisms reflected in the calori-
metricp–t curves at limiting carbon concentration are
those less adapted to periods of low nutrient availabil-
ity probably, of thezymogenousor copiotroph type.
On sterilisation of soil (under the conditions used for
this work), it is possible that these micro-organisms
that are also poorly adapted in dealing with stress
are eliminated remaining the populations that possess
slower growth rates. To these latter populations belong
several actinomycete species that produce long-lived
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spores and other survival structures[1]. It seems that
nutrilomb contributes to this latter type of microflora
(see curve C5 in Fig. 4) and therefore, farmers find
that the product acts as a good soil fertiliser.
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