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ABSTRACT

Effective microorganisms or EM is a consortium of beneficial microorganisms (primarily photosynthetic
and lactic acid bacteria, yeast, actinomycetes, and fermenting fungi) that can be applied as inoculants to
increase the microbial diversity of soil. Two fields of sugar cane in the province of Tucuman, Argentina
were treated with either EM containing brewery fermentation tank residual yeast (YS) or just EM (NYS).
The outcome was 1000 kgHa~! less of sugar cane harvested from YS field. The aim of this work was to
analyze both soils to find out if calorimetry could assess the negative effect of yeast. Mass specific thermal
power-time curves were obtained during 100 or more h of measurement. Once a day, a vial containing
NaOH solution was introduced into the calorimetric ampoule to determine CO, evolution. A plot of log
SMB (soil microbial biomass) as a function of log p gave a similar relation as previously reported for those
samples that showed an energy expenditure of 16-22 Jcm~3 CO, respired. Thus, soil microbial biomass
could be determined during microbial growth. Results showed that yeast suppressed the activity of part
of the soil microorganisms. Also, soil microbial activity increased with time in NYS due to successive

applications of EM.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Agriculture is sustained nowadays by means of intensive use
of agrochemicals in order to preserve soil quality and to obtain
high yields. Meanwhile, the international market increasingly
requires natural or organic food, free of chemical residues. As a
result, alternative agricultural systems such as the use of benefi-
cial microorganisms are being developed with the aim to improve
and maintain soil quality. Among such microorganisms is the fungi
genus Trichoderma. Several strains of Trichoderma have been devel-
oped as biocontrol agents against fungal diseases of plants [1]. The
use of Effective microorganisms (EM) is done on a smaller scale.

Dr Teruo Higa, an horticulture professor at the University of
Ryukyus, Okinawa, Japan discovered and developed the EM tech-
nology [2]. EM is a mixed consortium of beneficial microorganisms
of natural occurrence (lactic bacteria, yeast and photosynthetic
bacteria, among others) that can be applied as an inoculant to
increase the microbial biodiversity of soils and plants [3]. EM is
not a substitute for other cultural practices; it is an additional
tool to optimize the best practices of soil and crop handling such
as crop rotation, utilization of organic amendments, conservation
tillage, recycling of harvest residues and pest biocontrol. If used in
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an appropriate manner, EM can significantly increase the effects
of these practices [4]. Originally, EM was developed as an alter-
native to pesticides and chemical fertilizers. However, in the last
two decades the utilization of EM has expanded to the treatment
of water and wastewaters, odor control, farm and animal health,
human health many industrial treatments [5]. This consortium of
microorganisms produces accelerated breakdown of proteins, sug-
ars, fats and fibers, and thus, promotes rapid organic matter decom-
position. EM works in two primary ways: (i) competitive exclusion
of harmful microorganisms and (ii) by production of beneficial
products such as enzymes, organic acids, amino acids, hormones
and antioxidants that promote the health of the environment [6].
EM technology is used in a farm located in the southwest of
Tucuman province, Argentina. However, during 2011 besides EM,
the farmer tried EM composted with the residual yeast (Saccha-
romyces spp.) obtained from brewery fermenting tanks in a sugar
cane field. The outcome was 1000 kg Ha~! less of sugar cane thanin
the field treated with just EM. The aim of this work was to find out,
by means of isothermal calorimetry: (i) how the yeast affected soil
microbial activity and (ii) the effect of EM on soil microbial activity.

2. Materials and methods
2.1. Experimental site

A field experiment was done on a farm located southwest in
the province of Tucuman, Argentina (27°45’ S, 65°39’ W) in 2009.
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The soil was sandy loam with the soil characteristic (0-30cm) of
57.7% sand, 30.8% silt and 11.6% clay. The field was planted with
sugar cane. Annual mean air temperature was 22 °C and average
precipitations was 740 mm (2010/2011) and 690 mm (2011/2012).

2.2. Experimental treatments

The commercial preparation of effective microorganisms (EM)
was activated by fermentation in vinasse (a sugar cane indus-
try residue) to obtain EMA when pH was below 3.5. Then, this
EMA was dispersed on the soil with water (140dm3 Ha~1). The
yeast residue was obtained from ‘Quilmes’ Brewery, Famailla,
Tucuman, Argentina and composted 4-5 days with EMA prior to
being sprayed on the soil. The experimental site was divided in
two lots and treated as follows: (A) lot YS: 8/2010: 3.5 dm3 Ha~!
EMA, 10/2010: 7200dm3 Ha~! residual brewery yeast and then
EMA as follows: 12/2010: 4.5dm3Ha~!, 10/2011: 10dm3Ha !,
11/2012: 20dm3 Ha~1, 8/2012: 10dm3 Ha~'. (B) Lot NYS only EMA
as follows: 11/2010: 4dm3Ha~1, 12/2010: 4.5dm3Ha" !, 9/2011:
20dm3Ha™!,11/2011: 10dm3 Ha"!, 8/2012: 10dm3Ha!.

2.3. Soil material

Ten sites were randomly chosen and sub-samples were col-
lected up to a depth of 15cm (A horizon=20cm), after removing
the top layer. After combining the sub-samples, they were sieved
(2mm x 2mm) to remove root residues and coarse material and
stored in polyethylene bags at 5 °C until used.

2.4. Chemical and microbiological soil analysis

Water content (WC) was determined by drying an aliquot (x2)
until constant weight at 105°C [7]. Bulk density and field capac-
ity humidity (FCH) were determined by the graduated cylinder
method [8]. The pH was measured with a glass electrode on
a suspension of soil in deionised water (1:1) [8]. Organic car-
bon (OC) was determined by wet oxidation with K,Cr,07/H,S04
[9]. Extractable phosphorus (P) was photometrically determined
by the Olsen extraction method [10]. Extractable nitrogen as
NO3~ +NO,~ +NH4* was determined by the diffusion method [11].
Colony forming units (CFU g~1) were determined by the serial dilu-
tion method by using trypteine soy agar (TSA) as culture media.

2.5. Calorimetric analysis

A twin heat conduction calorimeter (Lund University, Sweden)
wasused [12,13].Soil samples (3.0-4.0 gdw) were stabilized during
7 days at 25°C in a polyethylene bag at a water content equivalent
to 60% of FCH. Then, an appropriate amount of water containing glu-
cose as to get FCH and the required amount of the carbon source was
added. The soil was thoroughly mixed by hand and the equivalent of
1.0-1.5 g(dw) was weighed into the calorimeter ampoule (8.0 cm3).
The ampoule was hermetically closed and after the 30 min needed
to equilibrate the calorimetric system, thermal power (P) - time
(t) curves of microbial growth were recorded at 25 °C. An ampoule
containing 1 g of agar was used as reference. Microsoft Excel 2007
(Microsoft corporation) and Origin 6.0 (Microcal, Inc.) were used to
convert the curves obtained into mass specific thermal power (p) -
time (t) curves and integrated to obtain the specific heat (q) asso-
ciated with the glucose degradation. From the semi-logarithmic
conversion of the portion of the curve that indicates exponential
microbial growth (log p =log pg + 14t) the microbial growth rate con-
stant, i, was calculated. To determine the enthalpy change due to
metabolism the expression A, H=(g/m) 180.16 was used where m
is the amount of glucose used and 180.16 is the molecular weight
of glucose. In turn, Ay H results from an enthalpy change due to

catabolism, A;:H, and an enthalpy change due to anabolism, A nH
expressed as ApmH=AcatH+ AanH.

2.6. Calorespirometry

Calorespirometric assays were performed by using soil (1-1.5g
dw) at FCH with and without glucose. After the system was equil-
ibrated and values of thermal power (P;) recorded during 1-2h,
a vial containing a solution of 1.0M NaOH (trap of CO;) was
introduced and values of P were collected again (P,). After col-
lecting data for 2-3 h, the vial was removed, and metabolism was
measured again (P3) [13,14]. This process was performed once or
twice a day during one week. Then, the values of P were converted
into specific values (p) by dividing by the dry mass of the sample.
The specific rate of CO, evolution, rCO,, was calculated by using
the expression: rCO; = {p, — [(p1 +p3)/2]}/109.4. The value of —109,
4Kk] mol-! is the heat of reaction of CO, with 1.0 M NaOH to produce
C032- [15]. The value of rCO, expressed in cm? kg=1 h~1 is used to
calculate soil microbial biomass, SMB [13] by using the conversion
factor of 32.4. The ratio p/rCO, is a measure of the efficiency of
carbon conversion from glucose into biomass [16,17]. The p1 value
was used to calculate this ratio.

3. Results and discussion

Table 1 shows the physicochemical properties of both soils col-
lected in 2011 and 2012. Note the higher pH for YS as compared
with NYS in 2011 in both years. Thus, the higher pH of YS must be
due to the yeast residue.

A remarkable note was the increase of OC content of both soils
over just one year (20%) in situ. This must be due to the frequent
applications of EMA. On the contrary, YS stored at 4°C during 1 year
lost 17% OC whereas NYS kept the original value. This might indi-
cate a mineralization process in YS at the temperature of storage. A
study of carbon and nitrogen mineralization in soil after the addi-
tion of compost - made of brewing yeast and lemon tree prunings
- showed there was a high release of CO, at early stages of biosta-
bilization. Mineralization of organic carbon was around 25% in 70
days of incubation [18]. In our work, the composting process was
just 4 to 5 days. The same probably did not occur in the field due to
EMA applied after the yeast, thus neutralizing the negative effect
of yeast.

Something striking was to find no CFUg~! in newly collected
soil (Table 1). Only after 1 year of storage, colonies were possible
to be counted. Fig. 1A and B shows the p — t curves obtained during
25h for both soils at FCH supplemented with different amounts
of glucose. Specific thermal power (p)—time (t) curves obtained
with soil amended with glucose did not show the typical shape of
microbial growth curves.

These curves show that the optimum concentration of glucose
for YS was 5mgg! (curve c of Fig. 1A) due to the higher p val-
ues. However, the optimum glucose concentration for NYS was
3mgg-! as observed in Fig. 1B, curve a. Due to the strange shape of
these curves, we decided to measure specific thermal power during
100 or more hours and also, to measure the evolution of CO, once
or twice a day. Both soils were tested at different periods of time
during 1 year. Fig. 2 shows the p — t curves obtained.

Note the similarity among the p —t curves of each soil during
2011 (Fig. 2, curves a-c). However, a difference can be observed
between the soils. The most striking difference was that of YS and
NYS collected in 2012 (curve d, Fig. A and B, respectively). The
microflora responsible for the peak at 80 h in NYS is not present
inYS.

Table 2 shows the thermodynamic parameters calculated from
the curves in Fig. 2.
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Values of field capacity humidity (FCH), pH, organic carbon (OC), nitrogen (N as NO3~ +NO, ~ + NH4*), extractable phosphorous (P) and colony forming units (CFUg~1) for the

soils studied.

Sample FCH/% pH 0C/mg kg~! N/mgkg! P/mgkg! 10-7CFUg!
NYS 2011 20.0 6.01 169 + 0.8 10.7 + 0.6 43.7 £39 None
NYS2011¢ - - 183 £ 0.1 - - 531+1.17
NYS2012 2337 5.85 195+ 0.3 171 £ 21 333 +£05 None
YS2011 20.0 6.33 175 £ 09 85+0 27.5 +£ 3.1 None
YS2011° - - 15.0 £ 04~ - - 3.05+0.65
YS2012 27.1° 6.05" 21.7 + 14" 171 +£217 26.1 + 0.3 None

2 Analyzed after 1 year of storage.

™ Significantly different at 0.05 confidence level.

Table 2

Heat evolved (q) during the degradation of glucose (im) by microorganisms that grow at a rate constant (x#) producing a peak time (t,) with a mass specific thermal power
(pt). The whole reaction results in a metabolic enthalpy change (A, H) that produced soil microbial biomass change (AX).

YS: M/Year m/mgg' —q/lg™! tp/h pe/uWg! —AmH/kJmol~! pfh! AX/pgg™!
412011 3 30.1 382 90.2 1808 - 127
7 3 26.5 59.4 96.2 1447 - 476
12 5 40.4 514 131.2 1446 - 274
412012 5 52.8 25.4 258.0 1902 0.026 719
NYS: M/Year
4/2011 3 47.7 - 125.0 2865 - 294
7 3 37.6 74 1712 2258 - 496
12 3 467 83.7 101.1 2805 - 268
4/2012 5 - 31.8 190.4 - 0.028 837
5b 74.6 79.9 278.5 2688 0.019 608

2 Corresponds to first peak.
b Corresponds to the second peak.

Despite the amount of the carbon source used (3 or 5mgg1),
the calculated values of Ay, H for each soil were independent of the
year of collection and did not significantly differ among the val-
ues for each soil. As an average, ApH was —2654 4274 k] mol !
and —1651 +239kJmol~! for NYS and YS, respectively. The deter-
mined value for NYS is not significantly different from the enthalpy
change due to glucose oxidation, AcyH=-2814.0kjmol-! [19].
On the other hand, the value of AyH for YS is not significantly
different from the aerobic glucose metabolism of S. cereviciae of
—1976.27 kfmol~! [20] indicating the prevalence of yeast over the
other microorganisms inoculated into the soil.

LI L | 1
10 15 20 250 S5 10 15 20 25
t/'h

Fig. 1. Mass specific thermal power (p) — time (t) curves of glucose degradation by
the microorganisms contained in soil amended with (A) EMA +brewery residual
yeast (YS): with (a) 2.0; (b) 3.0 and (c) 5.0mgg" glucose (d) with 5.0 mg glucose
and 0.5 mg (NH4);S04 and (B) with EMA (NYS): with (a) 3,0: (b)5,0and (c) 50 mgg~!
glucose.

Fig. 3 shows the trend of SMB and the quotient p/rCO, with time
during degradation of glucose by the microorganisms contained in
YS (Fig. 3A and C) and NYS (Fig. 3B and D). Values of both soils
SMB at the different stages of storage at the start of the experi-
ment are not significantly different among them and the average
value is SMB =386 +49 pgg~!. However, YS increased its SMB after
microbial growth with glucose by AX=292+ 175 ugg~! whereas
NYS increased by AX=396+117 ugg~! (see Table 2). Something
very interesting is that SMB for the newly recollected soils in 2012
increased by AX=778+83 wgg! by the time of the first peak for
NYS and the only peak for YS (see Fig. 2). The value of SMB for NYS

b
04—

LI DL | 1 LI 1 1 1 1 LI
0 30 60 90 120 150 0 30 60 90 120 150

t/'h

Fig. 2. Specific thermal power (p) — time (t) curves of microbial growth for YS (A)
and NYS (B) collected in 2011 amended with (a) 3mgg-! glucose after 4 months,
(b) 3mgg-! after 7 month, (c) 5 (YS) and 3mgg~' (NYS) after 12 months from
recollection and (d) newly recollected soil in 2012 with 5mgg-" after 4 months.
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Fig. 3. Soil microbial biomass (A)YS and (B) NYS and calorespirometric ratio (C) YS and (D) NYS of soil recollected in 2011 amended with: (a) 3mgg~! glucose after 4 months,
(b)3mgg! after 7 months, (c) 5 (YS) and 3mgg~' (NYS) after 12 months and (d) newly collected soil in 2012 with 5mgg-" after 4 months.

at the time of the second peak (80 h) was around AX=608 pgg~!
with respect to the value at the first peak. These results confirm that
yeast inhibited some of the soil microbiota or perhaps inhibited
the establishment of new microorganisms as occurred with NYS.
By using the semilogarithmic equation of exponential microbial
growth, the increase in biomass could be calculated and thus, com-
pared with those values determined by direct measurement of CO5.
The increase in biomass, AX=787+70 ngg~! and 690 pngg! cal-
culated for the first (NYS and YS) and second (NYS) peak of newly
collected soils, were not significantly different from the directly
determined values.

The calorespirometric ratio, p/rCO, between the basal specific
thermal power and the specific rate of CO, evolution of soil with-
out glucose gives a measure of the mineralizing activity of the
microorganisms, and equivalent to the metabolic quotient, gCO5,
determined by conventional methods [21]. The calculated val-
ues were 335+12 and 199 +23 k] mol~! for YS collected in 2011
and 2012, respectively. Values of p/rCO, for NYS were 245+ 7 in
2011 and 249+ 67 k] mol~! in 2012. The latter value is not signifi-
cantly different from that of YS collected in 2012. Values of p/rCO,
between 250 and 460 k] mol~! indicate aerobic degradation of car-
bohydrates [17] and thus, it is evident that NYS and YS (2012) show
high mineralizing activity with low waste of heat (low p). Yeast
decreased the mineralizing activity of the soil microbiota in 2011.

Fig. 3Cand D show values of p/rCO, calculated after the addition
of glucose and in this case, these values are a measure of the carbon
conversion efficiency of glucose into biomass by the microorgan-
isms contained in the soils. Differences are observed between the
soils. The most remarkable is that NYS (Fig. 3D) shows values of
p/rCO, of 415 + 49k mol~! during peak time (Fig. 2) whereas the
calculated value for YS (Fig. 3C)is 518 + 25 k] mol~! indicating again
a greater efficiency to convert glucose into biomass by microorgan-
isms of NYS.

A straight line is obtained when values of log SMB are plot-
ted against log p, Fig. 4. Values of SMB were only calculated in
those cases where aerobic growth was present, i.e. when values of
p/rCO, were above 250 k] mol~1. Values of SMB in curve ‘a’ of Fig. 4

correspond to p/rCO, values above 390kJmol~! (> 16]cm~3 CO,
respired) whereas those values used in curve b of Fig. 4 correspond
to p/rCO, values between 270 and 390 k] mol~! (10-16]cm~3 CO,
respired). Curve ‘a’ includes the values used to develop the calori-
metric method to determine SMB by calorimetry [13]. The slope
of 0.899 + 0.044 is intermediate between those reported for stored
and fresh soil (913 and 856, respectively) [22]. By using this relation
to determine the increment in SMB, AX, avalue of 781+ 138 pugg!
was calculated for the first peak and 522 g g~! for the second; indi-
cating that calorespirometry is a very useful technique to monitor
microbial growth during the whole process.

m log SMB=0,972+0,899 logp,R=096 /b
A log SMB = 0,880 + 1,025 log p, R = 0,96

T T T T T T T T T T T

1,2 14 1,6 1,8 2,0 2,2 2,4 2,6
log p

Fig. 4. Plots of log SMB against log p for soils that produced between: (a) 16-22 and
(b) 10-16] cm? CO, respired.
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Fig. 5. Specific thermal power — time curves of microbial growth for: (a) YS and (b)
NYS collected in 2011 amended with (A) 5mgg~' sucrose, (B) 5mgg-! lactic acid
and (C) 10mgg~"! cellulose.

It was also interesting to test other carbon substrates, and there-
fore experiments were performed by using sucrose, lactic acid and
cellulose. Fig. 5 shows the p — t curves obtained.

Both soils behaved similar with Ilactic acid (Fig. 4B:
AmH=-423+5k]mol~!, A;nH=915+11k] mol~!, 65% anabolic)
whereas there was less metabolic energy for microorganisms of
YS (Fig. 4A, curve a: AjnH=-1606k] mol~1, A ,H=4044k] mol-1,
71% anabolic) toward sucrose than for those of NYS (Fig. 4A, curve
b: AmetH=—-2585k]mol~!, A;yH=3065k]mol~!, 54% anabolic).
The microflora of these soils spend the same amount of energy to
degrade sucrose as to degrade glucose. The soil containing yeast
showed activity with cellulose whereas NYS did not.

4. Conclusions

As a conclusion these results show that the brewery yeast had
a negative effect on soils. This negative effect subsided after a year
from its application even with frequent EMA applications. It was
clear that soil microbial activity improved after successive applica-
tions of EMA. Interesting result from this work s that it is possible to
determine the initial and the increment of SMB by calorespirometry
measurements. We have also shown that it is possible to calculate
the increment in SMB from a typical calorimetric curve of expo-
nential microbial growth by using the semilogarithmic conversion
of the exponential portion and that the result is not significantly
different from that determined by calorespirometry.

Acknowledgement

The authors thank CONICET and UNT for providing funds to per-
form this research.

References

[1] G.E. Harman, Overview of mechanisms and uses of Trichoderma spp, Phy-
topathology 96 (2006) 190-194.

[2] Portal Oficial de la Tecnologia EM en América Latina. (2008) http://www.
em-la.com/dr__teruo_higa.php?idioma=1

[3] T. Higa, J.F. Parr, For a Sustainable Agriculture and Environment, Interna-
tional Nature Farming Research Center, Atami, Japan, 1994 http://www.
agriton.nl/higa.html

[4] T. Higa, G.N. Wididana, Changes in the soil microflora induced by effective
microorganisms, in: J.F. Parr, S.B. Hornick, C.E. Whitman (Eds.), Proceedings of
the First International Conference on Kyusei Nature Farming, U.S. Department
of Agriculture, Washington, D.C., USA, 1991, pp. 153-162.

[5] Portal Oficial de la Tecnologia EM en América Latina. (2008) http://www.
em-la.com/que_es_la_tecnologia_emy.php?idioma=1

[6] Portal Oficial de la Tecnologia EM en América Latina. http://www.em-la.com/
como_funciona_el_emy1%C2%AEy.php?idioma=1

[7] M.L. Jackson, Analisis Quimico de Suelos. Ediciones Omega, S.A., 1970.

[8] K.H. Tan, Soil Sampling, Preparation and Analysis, 2nd ed., CRC Press, Boca
Ratén, FL, USA, 2005.

[9] M.D. Mingorance, E. Barahona, J. Ferndndez Galvez, Guidelines for improving
organic carbon recovery by the wet oxidation method, Chemosphere 68 (2007)
409-413.

[10] A. Rashid, J. Ryan, G. Estefan, Soil and Plant Analysis Laboratory Manual, 2nd
ed., NARS pub, 2013.

[11] R.L. Mulvaney, S.A. Kahn, W.B. Stevens, C.S. Mulvaney, Improved diffusion
methods for determination of inorganic nitrogen in soil extracts and water,
Biol. Fertil. Soils 24 (1997) 413-420.

[12] S.C. Eugenia, F.I. Schabes, E. Elizabeth Sigstad, A calorimetric study of plant -
plant and plant - soil interactions of extracts from Ixorhea tschudiana, Ther-
mochim. Acta 497 (2010) 14-20.

[13] M. Eugenia Sesto, E. Cabral, S. Elizabeth, A new approach to determine
soil microbial biomass by calorimetry, J. Therm. Anal. Calorim. 104 (2011)
23-29.

[14] RS. Criddle, R.W. Breidenbach, D.R. Rank, M.S. Hopkin, L.D. Hansen, Ther-
mochim. Acta 172 (1990) 213-221.

[15] M. Mahmoudkhani, D.W. Keith, Low-energy sodium hydroxide recovery for
CO;, capture from atmospheric air - thermodynamic analysis, Int. ]. Greenhouse
Gas Control 3 (2009) 376-384.

[16] S.R. Criddle, B.N. Smith, L.D. Hansen, A respiration based description
of plant growth rate responses to temperature, Planta 201 (1997)
441-445.

[17] NJ. Barros, ].A. Salgado, Proupin Rodriguez-Anén.F J.M., V.L.D. Hansen, Calori-
metric approach to metabolic carbon conversion efficiency in soils. Comparison
of experimental and theoretical models, ]J. Therm. Anal. Calorim. 99 (2010)
771-7717.

[18] A. Garcia Gémez, M.P. Bernal, A. Roig, Carbon mineralization and plant growth
in soil amended with compost samples at different degrees of maturity, Waste
Manage. Res. 21 (2003) 161-171.

[19] R.B. Kemp, Y.H. Guan, Microcalorimetric studies of animal tissues and their
isolated cells, in: R.B. Kemp (Ed.), Hanbook of Thermal Analysis and Calorimetry.
From Molecules to Man, vol. 4, Elsevier, Amsterdam, 1999, p. 576.

[20] E.H. Battley, The thermodynamics of microbial growth, in: R.B. Kemp (Ed.),
Hanbook of Thermal Analysis and Calorimetry. From Molecules to Man, vol. 4,
Elsevier, Amsterdam, 1999, p. 236.

[21] N. Barros, S. Feijoo, S. Fernandez, Microcalorimetric determinations of the cell
specific heat rate in soils: relationship with the soil microbial population and
biophysic significance, Thermochim. Acta 406 (2003) 161-170.

[22] G.P. Sparling, Estimation of microbial biomass and activity in soil using
microcalorimetry, J. Soil Sci. 34 (1983) 381-390.



