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Abstract

The fertilizer NH,FePQ-H,0 (AIP) was synthesized under mild hydrothermal conditions to be applied on soils to prevent iron deficiencies. The
effect of the addition of AIP on soil microbial activity was studied by calorimetry, determining both basal respiration and carbon mineralizatio
by means of the addition of an external carbon source. Thermal analyses (TG and DSC) were also used to provide additional soil properties.
effect of different amounts of AIP on soil microbial activity was quantitatively analyzed by a mass and energy balance performed via the analy
of the power—time curves. These balances allowed determination of the impact of AIP on soil more rapidly than conventional methodologies.
increase in the amount of added AIP leads to a less efficient metabolism, probably due microbial competition for the nitrogen source providec
the AIP and for the carbon source.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Thus, there is need for new methodologies to contribute to
a better understanding of the biochemical reactions related to
Control of the utilization of soil for economic purposes is of the fertility of soil. Methods for the precise estimation of the
the utmost importance for sustainable development. The Kyotmicrobial biomass and its activity, i.e. the metabolic reactions
protocol states that COemissions due to soil utilization must of the soil biomass involved in the carbon cycle, are needed.
be controlled and appropriate methodologies introduced that are Calorimetry appears to be an important option for determi-
rational and allow the monitoring of soil activity. The latter direc- nation of both biomass and activity. The latest results show
tive faces important limitations due to the complexity of the soilthat this method can provide qualitatii@-8] and quantitative
system. Most studies focused soil microbial activity employ thg9,10] indicators of soil microbial activity that could be used
CO, dissipated and the biomass as indicators. The methodol@s early warning signals of soil deterioration. Calorimeters are
gies to quantify C@ and soil biomass are very laborious, and sensitive enough to detect very low heat rates. They can continu-
provide results only after very long experimental phases. Theseusly monitor soil microbial activity in terms of dissipated heat,
studies have only an empirical focus, since it is very difficult towhich is a direct product of the degradation of the soil organic
obtain quantitative indicators of soil microbial activity. The most matter. Preparation of the samples is clean and easy, avoiding
widely used, the metabolic quotient, was seriously criticizedhe use of reagents that may affect the results and that may
[1,2]. The main consequence of the methodological limitationse pollutantd11,12]. The technique therefore has the twofold
has been inappropriate soil management, which in many caseslvantage of being ecological and of rapidly providing results. It
has been responsible for important losses in soil fer{igtys]. has been applied to carry out a diagnosis of the microbial state of
soil [13,14], and interesting results have been repdité&diL6].
The aim of the present study is to take a further step towards
* Corresponding author. Tel.: +55 19 37883055; fax: +55 19 3788 3023.  quantitative application of calorimetric methods for the evalu-
E-mail address: airoldi@igm.unicamp.br (C. Airoldi). ation of the environmental impact of chemical substances on
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soil microbial reactions. A model is suggested for analyzing the 2z
power—time curves recorded from soil samples under the effectss
of different amounts of NpFePQ-H2O (AIP). The synthesis
of NH4MPO4-H20 [M =Mg, Mn(ll), Fe(ll), Co(ll), or Cu(ll)]
has been known for more than 100 yeHrg], and the possi- =% )
bility exist to prepare these compounds by a simple continuous S
procesq18]. Metal ammonium phosphates have been used asiis ;
pigments for protective paint finishes on metal and as fire retar- 8
dants in paints and plasti¢$9,20]. As fertilizers, they can be
a source of macro- and micronutrients (P, N, Mg, Fe, Zn, Mn,
Cu, and Co)21]. NH4FePQ-H20 has been shown to correct
iron deficiency (iron chlorosis) in plants grown in calcareous
soils[22]. AIP is hydrothermally synthesized to be applied on &
soils as a chemical fertilizer and to prevent iron deficiencies [
in plants. The structure of AIP protects the?Fagainst con-
version to F&", which is impossible for plants to assimilate
in soils with high pH. It is important to know if the struc-
ture of AIP is attacked by soil microorganisms or if it remains
intact in the soil and unavailable to plants. Therefore, this study Fig. 1. Scanning electron micrograph of AIP.

focuses on assessing the effect of AIP on soil microbial reactions

and on establishing the role of thermal analysis and calorimesolutions was analyzed at different intervals of time by UV-
try in the investigation of the soil system. It is believed thatspectroscopj23] with a Perkin-Elmer 200 autosampler.

this information can be very useful for the agriculture industry  The enthalpy of dissolution of AIP was determined by
and its newly assumed obligations with respect to the Kyotaalorimetry with a Setaram Calvet standard 1201. A weighed

500um

protocol. amount (about 9.5 c#) of the buffer solution at pH 4.0, 5.0 or
6.0 was introduced into the calorimetric vessel. Once the heat

2. Experimental output was stabilized, 0.10 g of AIP was added and the heat of
the endothermic reaction recorded. At the end of the process,

2.1. Synthesis of AIP the P-concentration in the dissolution was determined by UV-
spectroscopy.

Hydrothermal crystallization of NiFePQ-H20 (AIP) was
carried out in a stainless steel (1003YnTeflon-lined ves- 2.3. Soil
sel under autogenous pressure. NECO (solid), POy
(5.0 mol dnt3), FeCb-4H,0 (solid) and water were mixed in The soil sample was collected at Campinas University
the molar ratio 2:2:8:67 (Fe@H3PO4:(NH2)2CO:H,0). The  [24,25], in the state of Sao Paulo, Brazil. It corresponds to the
autoclave was sealed and heated to ABFor 8 days. The Rhodic Eutrudox type and was collected at a depth of 5-10cm
obtained solid was filtered off, washed with an excess of disafter removing the soil surface. The bulk sample was brought
tilled water, and dried in air at room temperature. The SEMto the laboratory, where it was sieved at 2 mr2 mm size to
micrograph (JEOL JSM-6100, 20kV) shows plates of c.aremove plants, small insects, small stones and large particles.
5um x 30pm x 100wm (sedFig. 1). The phosphorous andiron After this treatment, the sample was kept in polyethylene bags
contents were determined with a Spectra Spectrometer ICRt 4°C for 3 months before calorimetric experiments.
MS after dissolving a weighed amount of sample inddf
Microanalytical data were obtained with a Perkin-Elmer model.4. Soil organic matter
2400B elemental analyzer to give 7.5, 29.6 and 16.7 % for nitro-
gen, iron and phosphorus, respectively, which correspond to the Microanalytical data (C, H and N, Perkin-Elmer 2400B ele-
calculated values 7.49, 29.89 and 16.59%, respectively. Themental analyzer) and differential scanning calorimetry (Mettler
mogravimetric curves (Mettler TA4000-TG50) was carried outTA4000-DSC30) were applied to quantify the percentage of
at a rate of 10C min~! under a flow of nitrogen. The total soil organic matter (SOM) and the SOM combustion enthalpy,
weight loss at 600C was 22.7% (calculated 23.55%). The A;Hsom respectively. DSC experiments were conducted with
weight loss occurs in three steps, with DTG minima at 230, 260a heating rate of 10C min~! under a flux of air or nitrogen
and 500°C. The final product after thermal decomposition was(20 cn? s 1).
FeP,Oy.

2.5. Soil biomass
2.2. AIP solubility in aqueous medium
The microbial density of the sample was calculated by

An excess of AIP was added to buffer solutions (Merck, pHthe fumigation—extraction method, according to the established

4.0, 5.0, 6.0, and 8.0 at 2€). The P-content in the resulting method[26]. The sample was kept under refrigeration until the
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biomass was measured. It was fumigated with chloroform anénthalpies of combustion of the glucose added, of the biomass
incubated for 2 days at 3883 K. Extraction was performed and of the nitrogen source, respectively. The valueigpf can
with 0.50 mol dn3 of K2SQOy solution in a proportion of 1:4  be obtained by integrating the power—time curves to quantify
(soil:extract) with stirring for 30 min. Simultaneously, a control the total heat evolution of the procesgs;, in joules per gram of
with K»SO4 was also done. The samples were then quantitasoil, Jg 1, and by then dividing this value by the increment in
tively filtered. For the sequential determinations, 4.8 afsoil  biomassAX, caused by the addition of the nutrient solutioiX
extractwere amended with 1.0 wf 0.066 mol dnT® K,Cr,O;  is given in micrograms of biomass per gram of spify X g~ 2.
solution, 5.0 cr of concentrated kB8O, and 2.5¢cm of con- It may also be calculated by calorimetry by applying Sparling’s
centrated HPOy. The solution were heated for 30 min, and correlation to quantify the biomass that it is activated by the
after cooling, the volume was brought to 25.0%cmith dis-  addition of glucos¢28] and by the application of the equation
tilled water. Titration was performed with diphenylamine andthat defines the exponential microbial gro\i&B,30]. Sparling’s

0.033 mol dn3 ammoniacal ferrous sulfate solution. correlation enables us to calculate the amount of biomass that is
activated by the addition of the nutrient solutidfy, in micro-
2.6. Calorimetric measurements grams of biomass per gram of soilg Xg~1. The microbial

growth rate constanj, of the microbial growth reaction may

The microbial activity of the soil was continuously recorded be calculated if exponential microbial growth takes place in the
with a Setaram Calvet standard 1201 as power—time curves. galorimeter, i.e. from the slope of the lines that are obtained
a typical experiment, a sample of 0.25 g was introduced into avhen the logarithm of the heat rate is plotted against time.
9 cn? stainless steel ampoule to monitor the basal respiration of TheYx;s values yield the enthalpy of the glucose degradation
the soil. The same mass of aninert substance @@4lwasused reaction,ArHs, by means of the equations linked to the energy
as reference. The activity was recorded for 2 days under thed®lance31]. A;Hs values can be introduced in Battley's equa-
conditions. Samples of 0.25 g of soil were assayed: (i) amendeitbn [32] to obtain the thermal yield;, of the reaction taking
with 1.0 cn?® of a nutrient solution containing 1.0 mg of glucose place in the soil samples.
to measure the microbial activity due to carbon mineralization, The mass balance allows obtaining all the stoichiometric
(i) enriched with 1.0 mg of AIP to monitor its effect on basal res- coefficients of reactiorfl) that provides the amount of GO
piration, and (iii) amended with 1.0 chof a solution containing ~ dissipated by the process.
glucose and 4.2, 4.5 and 5.0 mg of AIP to study its effect on car-
bon mineralization in soils. Three replicate were done for eacl3. Results
experiment. After the initial experiments, we chose to work with
the minimum amount of AIP that provided calorimetric mea- AIP crystallizes in the orthorhombic space groBmm2;
sures with high reproducibility (4-5mg). All the experiments [33]. The structure consists of approximately square-planar

were performed at 25C. sheets of iron(ll) ions, coordinated in a severely distorted octa-
hedron by five phosphate oxygen molecules and one water
2.7. Analysis of the calorimetric data molecule. The negatively charged layers are bound by hydro-

genbonds, with participation of interlayered ammonium cations.

The basal respiration of the samples was calculated as thehe grouping of 5000-6000 individual extended sheets leads to
soil mass specific heat rat&ys, in joules per gram of soil per the formation of the particles of AIP shown Fig. 1. Fig. 2
day,/g~1day 1, and by the biomass specific heat ratg, in summarizes the dissolution properties of this compound. The
joules per gram of biomass (X) per day, }g¢ day 1 [8]. solubility of AIP increases with decreasing pH. Although disso-

The power—time curves recorded from the samples amended
with glucose and different amounts of AIP were analyzed by
means of acombined mass and energy balfrteltis assumed
that AIP provides the nitrogen that microorganisms need to grow. %  m———————® e pH4
Therefore, the reaction that takes place in the microcalorimeter © @ /. —u—pH5

" ; ) = —%—pH6
under these conditions may be written as follows: < —e—pHE
o
aCgH1206 + bNH4™ + cO5 2 .
= dCHy g005No2 +eCOp + fHO0+ gH; AH .-
where CH gOg sNg.2 is the formula for the biomag&7]. g
The energy balance allows calculation of the microbial §
growth yield of the reactionyy,s, in mol of biomass per mol of
substrate (S) consumed, ool 1 S, if the heat yieldYqyy, in : . : :
joules per mol of biomass, J md! X, and the enthalpy of com- 100 150 200 250

bustion of the reactants and products are known. The data usec contact time/h

were:AcHs=—2803 kJ mot! glucose AcHy = —559 kJ mot* Fig. 2. Dissolution curves for AIP in buffer solutions of different pH: (a) 4.0,
X, and AcHy =—296 kJ mottammonium, representing the (b) 5.0, (c) 6.0, and (d) 8.0 at 2§.
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Table 1 -
Physicochemical, biological and thermal properties ofthe@dic Eutrudox soil — —45
sample, pH, mass percentages (%) of carbon, nitrogen and hydrogen, and soi 1 —_—- Q42
organic matter (SOM), biomass (BM), water (HM) and the enthalpy of combus- 0,14 Q5 - == Sgl
tion of the SOM (AHsowm) 1
0,12
pH 5.0
C (%) 1.83+0.24 0104
N (%) 0.16+0.07 =
SOM (%) 5.40+0.24 E 008 ]
BM (ngg™b) 553+ 21 o
HM (%) 6.0 <
AcHsowm (kI g~ SOM) ~9.11+0.74 0,06+
0,04
0,02 1
0.2 —

t/h

Fig. 5. Power—time curves recorded from soil samples amended only with glu-
cose (Sgl) and with glucose and 4.2, 4.5 and 5 mg of AIP (Q4.2, Q4.5, Q5).

Heat rate/W g1
(=]
[\v}
T

0.4

06k ration yields a/oys value of —0.31+0.10Jg 1 day 1. If that
value is divided byA:Hsowm, a rate for SOM degradation is
obtained in micrograms of SOM per gram of soil per day, i.e.
34ug SOMgtday L. As the initial biomass of the sample is
known (se€Table 1), the specific biomass metabolic heat rate,
Fig. 3. DSC-curves of the soil in an atmosphere of nitrogen (—) or ai).( Joix, may also be calculated, giving a value 6.56 kJ g—l
) ) o ) Xday 1. If this value is also divided byAcHsowm, a specific
lution occurs rapidly at the beginning of the process, it reacheg,ie tor the degradation of SOM per gram of soil biomass is
equilibrium only after.2—4 days. At the pH of.the soil sample calculated, giving a value of 62 mg SOMYX day L. There-
(pH 5), alarge proportion of the AIP added is dissolved &1@5  ¢rq f the Joys data is related to the enthalpy of combustion
Some physicochemical, biological and thermal properties of¢ the SOM, the rate of SOM degradation by the biomass is
the soil sample used in this study are listedable 1. The DSC-  ,piained. The average percentage of SOM calculated for the
curves of the soil sample in both air or nitrogen atmospheres arg,;| \was 5.40%, as shown ffable 1. Thus, the biomass in our
shown inFig. 3. These data enable the combustion enthalpy °§ample would need 1578 days to degrade the SOM of 1.0g of
the soil organic mattet\cHsow, to be calculated, givingavalue - it the given rates were constant over tirfigg. 4also shows
of —9.11kJg* SOM. o the heat rate obtained when 1.0 mg of AIP is added to the soil.
The heat rate due to basal respiration of the sample and thhe presence of AIP in the soil modifies the heat rate compared

recorded when 1.0mg of AIP is added to the soil is shown iny, hat from the basal respiration. The latter is an exothermic
Fig. 4. The integration of the plot representing the basal respiarocess, while the addition of AIP induces an initial endother-

mic activity during the first 15 h after amendment. The reaction

| | | | ] | I
100 200 300 400 500

Temperature/°C

0.0157 becomes exothermic after that time. Integration of the endother-
0.013 1 Exo mic part of the plot gives a value @it =0.20Jg. If this is
0,010 related to the amount of AIP added, it yields an enthalpy of
0,007 7 201 J g 1AIP. The value obtained for the dissolution enthalpy
0,005 of AIP was 292 Jg. Integration of the exothermic part of the

% 0.003 1 plot gives a value opt=—-0.22Jg~.

J: 3'222'“ The power—time curves obtained from the samples amended
- with glucose to study the effect of AIP on carbon mineraliza-
0,005 H tion are shown inFig. 5. Addition of glucose stimulated the
:g‘g?g_' " exothermic activity of the sample, which is clearly affected by
_0’012 | the presence of different amou_nts QfAI_P. Ql_Jalltatl_v_e analysis of
_0’01 . the curves suggests changes in soll m|crob|e_1l acuwty_that could

45 20 25 30 35 40 45 50 55 be attributed to the AIP. To demonstrate this effect in a more
t/h quantitative way, a mass and energy balance was developed for

Fig. 4. Plot of the heat flow ratejr, against time, of the basal respiration of the samples enriched with glucose and Alble 2shows the

the soil (solid line) and that recorded when 1.0mg of AIP is added to the soidata quantified from the power—time curves that are necessary
sample (dashed line). for the application of the balances. Comparison of these data
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Table 2

Calorimetric data calculated from the power—time curves recorded from the soil samples amended with glucose and different amounts of AIP

Sample or(dg™ w(h™) PT (h) Yoix (kJmoft) Xo(rgCg?) AX(pgCgh)
Sql —-24+05 0.124+ 0.004 10.3+ 2.2 —492+ 73 172+ 2 120+ 25
Q4.2 -9.3+0.2 0.180+ 0.025 175+ 25 —501+ 50 239+ 2 457 + 46
Q4.5 —-10.4+ 0.3 0.167+ 0.052 16.4+ 5.1 —527 + 62 256+ 4 488 + 57
Q5.0 -85+ 0.3 0.159+ 0.029 83+15 —726+ 94 217+ 4 289+ 37

Sgl is the sample enriched with 1.0 mg of glucose, while Q4.2, Q4.5 and Q5.0 are the samples enriched with 1.0 mg of glucose plus 4.2, 4.5, and 5.0 mg of
respectively. PT is the duration of the logarithmic increase of the heat rate.

Table 3

Results of the energy and mass balansds represents the enthalpy of the glucose degradation reaction in kd/mol of glucose

Sample Yxis (mol X mol~1 S) ArHs (kJmol 1) n (%) Cicept (%) CO, (%)
Sql 2.82 1390 49 47 53

Q4.2 2.80 1403 50 47 53

Q4.5 2.73 1437 51 46 54

Q5.0 2.29 1659 59 31 69

n is the thermal yield of the reactions, calculated as the percentage of the energy from the glucose that is dissipatedesdheais@he percentage of carbon
from the glucose that is kept in the soil system as biomass, whilei€e percentage of carbon from the glucose that is lost to the atmosphere through respiration.

suggests that the addition of AIP together with glucose appeaiacrease appears to be more important when 5.0 mg of AIP is
toincrease the amount of biomassthatis activfgdialculated  added to the soil together with 1.0 mg of glucose. The stoichiom-
by the Sparling’s correlation, when compared with the value oktry of the reactions also shows that if only glucose is added to
Xp obtained from the sample enriched only with glucose. Thehe soil, the biomass cannot degrade it completely, whereas sam-
AIP also appears to increase the total heat dissipated by the saples enriched with AIP degrade all the added glucose.
ples,Qt, while the values of the microbial growth rate constant,
u, calculated from the power—time curves, appear to decrease
with increased values of the amount of added AIP. The values dt- Discussion
u obtained from the samples with the AIP are in all cases higher
than that calculated for the sample enriched only with glucose. The present research demonstrates the important role of dif-
The results of the energy balance are presentddlite 3. The ferent calorimetric methods in soil research. Thermogravimetric
main reason for applying these balances to study soil microbidi G) curves are commonly used to provide the percentage of soil
activity is the quantification of the enthalpy of the glucose degra®rganic matter, while differential scanning calorimetry (DSC) is
dation reactionA,Hs, in order to calculate the thermal yield of @pplied in soil research to provide the enthalpy of combustion
the processy, which in turn provides information on the effi- Of the SOM, AcHsowm, Which is especially called for in stud-
ciency of the reaction taking place in the s@#ble 3shows that €S dealing with wild fireg34]. In the present case, DSC is
the values ofA,Hs andy are higher in samples enriched with used to quantifyAcHsom in order to provide a new indicator
AIP than in those obtained for the sample amended only wit®f soil organic matter degradation. The DSC curve in a nitro-
glucose. gen atmosphere shows four endothermic peaks with minima at
The results of the mass balance are showfiable 4. The 74,284,503, and 57%. In addition to the quartz polymorphic
mass balances yield all the stoichiometric coefficients of thdransformation at 573C [35], the curve is typical for a lateritic
reaction stimulated in the soil, which enable us to quantify theSOil containing halloysite, kaolinite, gibbsite, goethite and lepi-
CO; dissipated by the soil and to determine the percentage focrocite[36]. The endothermic processes that take place in the
carbon that is lost to the atmosphere through respiration and tHgineral fraction of the soil conceal the desorption of organic
amount that remains in the soil. This latter value is also listednatter, which is also an endothermic process, that should be
in Table 3. The presence of AIP appears to slightly increase th@Pserved at temperatures below 600[37,38]. The presence

amount of CQ dissipated per mol of degraded glucose. ThisOf the organic fraction is observed in the DSC curve in an air
atmosphere as an exothermic process that extends from 180 up
to 500°C. The difference between the two DSC curves in the two
Table 4 . - . - atmospheres should be associated with the heat of combustion
Results of the mass balance that yields all the stoichiometric coefficients of the . . . . .
reactions stimulated in the soil samples (see(E). of the SOM, since it is considered that SOM desorption heat is

negligible in comparison with that associated with the decom-

Sample a4 b c d e f 8 position of the mineral fraction. The calculation afHsowm,

Sg1 0.35 0.2 1.07 1.0 1.12 1.52 0.2 likewise derived from the curve obtained by DSC, allows us to
Q4.2 0.36 0.2 1.09 1.0 114 154 0.2 address the basal respiration of the soil quantitatively. The quo-
Q4.5 037 02 115 10 120 160 0.2 tient hetween thdoys values reported by the calorimetric base
05.0 044 02 157 10 162 202 02 Qs P y

lines and theA:Hsowm data provide a rate for the decomposi-
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tion of organic matter that may be very valuable in comparativenicrobial growth. The latter information could be applied to
studies with ecological goals dealing with the state of the soilassess the right amount of AIP to be used in soils in future
These should be welcomed, since it is very difficult to provideexperiments. It seems that the increase in the amount of AIP
gquantitative indicators of soil organic matter degradation. Thedo 5 mg leads microorganisms to metabolize less efficiently. In
use of DSC provides valuable information about soil propertiesthis respect, recent evidence suggests that when both organic

The results from the calorimetric study of soil microbial activ- matter and mineral nutrients limit heterotrophs, they have a neg-
ity strongly suggest that the presence of AIP modifies microbiahtive impact on their neighboring biomalgk]. This is not a
metabolism. The impact on the basal respiration cannot be estatlesirable effect. However, the decrease in metabolic efficiency
lished, since the addition of AIP without an external carbonof the microbial population cannot be attributed to AIP alone,
source causes a clear initial endothermic effect that affects th&nce it may be a consequence of the relationship between the
analysis of the heat rate. The reason for this may be attribute@imounts of carbon source and AIP added. The C—N-P ratios are
to the dissolution of the AIP in the soil. The results obtainedimportant rulers of soil microbial activity. It has been shown
from the parallel experiments performed to study the dissoluthat if only carbon is added to soil, without any inorganic
tion properties of AIP reinforce this hypothesis. Integration ofsources, autotrophs are out-competed by heterotrophs for inor-
the endothermic part of the power—time curve is very close t@anic nutrients, demonstrating a need for the corresponding
the enthalpy of dissolution of this product, and the duration ofitrogen[47,48].
the endothermic phase, taking around 15 h, agrees with the dis- The development of competition between both types of bac-
solution times shown iffrig. 2 quite well. It will therefore be teria could explain the differences found between the samples
necessary to design new experiments to establish the effect obncerning the efficiency of the metabolic reactions that can be
AIP on the basal respiration in soils. attributed to the presence of AIP. The fact is that the mass balance

Quantitative analysis of the power—time curves recordedhows that the sample enriched only with glucose was unable
from the samples amended with glucose and AIP strongly suge degrade all the added glucose. The reason for this might be
gests that the soil biomass attacks the AIP, probably to use theat if microorganisms have an easily degradable carbon source,
ammonium as a source of nitrogen for growth. Development othey start to grow very rapidly, until the nitrogen source starts to
the energy and mass balance reinforces this conclusion, sinbecome a limiting growth factor. The mass balance also shows
increased amounts of AIP increase thgs andn values of the  that when glucose is added together with AIP, it is completely
reaction. These data are associated with the efficiency of carbategraded by the soil biomass. If a nitrogen source such as AIP is
utilization by the soil biomass and, especially in this case, withadded at a higher amount than the carbon source, as was the case,
the metabolic activity of heterotrophic microorganisms, whichon the one hand, the carbon starts to limit the microbial growth
are responsible for breaking down the organic matter. It has beesf the heterotrophs, and on the other, the presence of nitrogen
stated that a higher value of energy dissipated per unit of carbostimulates the growth of autotrophs, which compete with het-
source consumed is linked to a less efficient pro¢@8s42].  erotrophs for the inorganic source. This competition could be
In line with this behavior, the samples employed in this studyresponsible for the metabolic changes shown by the calorimet-
appear to follow the same pattern. When the obtained data aiic data, since the calculated parameters are not as variable and
AyHs are plotted against the microbial growth yieldys, a  as high between the samples so as to suggest stress due to the
negative correlation is obtained. The ordinate gives a value gfresence of AlP. In this respect, it has been stated that microor-
2800kJ mot!S. This is in keeping with the literature, which ganisms do notseemto be able to retain more than approximately
establishes that at zero biomass yields, the intercept of the dis€0% of the carbon atoms available in the substrate for reasons
pation line simply corresponds to the enthalpy of combustion ofhat lie with evolution. Nature would not dissipate more than
1 mol of glucose. When the biomass yield increases, the enthal®0% of the available energy to produce high power, except in
ofthe glucose degradation and the enthalpy of the overall growthtress situation§49,50]. The percentage of dissipated energy
reaction decrease, because some of the energy initially containeainges from 40 to 59% in the present study, which is not so high
in the glucose is now retained in the biomf&®,43]. The slope  as to suggest stress. Future experiments will thus have to be per-
of that correlation yields a value of abou500 kd mot1 X, very  formed that take into account the ratios between carbon, nitrogen
close to the reported values of the enthalpy of combustion of thand phosphorous so as to avoid the competition phenomena that
biomasg32], which ranges between562 and—495kJmot!  affects soil metabolism. The obtained results clearly demon-
X. The average employed in this study wa§59 kJmot?! X, strate the role of calorimetry and thermal analysis in providing
and that obtained previously for soils wa§83 kJ mot 1 X [10]. relevant information about the soil system.

Organic carbon is a key player in how well inor-
ganic substances, including nitrogen and phosphorous con®: Conclusions
ponents, are used by the soil biomass to maintain
carbon-nitrogen—phosphorous (C—N-P) ratios, which are well- The determination of the basal respiration of the soil by
established in the literatu@4,45]. The development of the calorimetry and the calculation of the enthalpy of combustion
energy balances adapted to these processes allows us to studyhe soil organic matter by DSC provide a quantitative rate for
the changes associated with the utilization of carbon by theoil organic matter degradation with important applications in
soil biomass by means of calorimetry, thus providing concomi-ecological studies. The latter method would allow the,@i3-
tant information about the assimilation of inorganic sources fosipated by indirect calorimetry to be quantified. Moreover, the
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use of DSC may be very helpful in providing more information[17] H. Debray, Ann. Chim. Phys. 61 (1961) 437.
about soil structure and its mineral composition. Furthermord8] J.F. McCullough, E. City, M.L. Salutsky, U.S. Pat. 3 141 732, July 21,
the development of both energy and mass balances from the 1964.

19] A.M. Erskine, G. Grim, S.C. Horning, Ind. Eng. Chem. 36 (1944) 456.
power—time curves provides information about the effect o 20] S.I. Vol'fkovich, R.E. Remen, Chem. Abstr. 50 (1956) 6243.
AIP on microbial metabolism with regard to carbon mineraliza-1] G.L. Bridger, M.L. Salutsky, R.W. Starostka, J. Agric. Food Chem. 10
tion. Finally, the addition of increasing amounts of AIP, higher  (1962) 181.
than the amount of the glucose added, leads microorganisms 2] V. Barron, J. Torrent, J. Agric. Food Chem. 42 (1994) 105.
metabolize less efficiently, which may be caused by competitloﬁ’-?’] O.8. Michelsen, Anal. Chem. 29 (1957) 60.

[24] S.A.M. Critter, S.S. Freitas, C. Airoldi, Thermochim. Acta 410 (2004)
processes between heterotrophs and autotrophs.
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