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ABSTRACT

Important factors in the evaluation of fire severity are the duration of the soil exposition to a certain
temperature as well as the factors that determine the thermal transmissivity on the soil (moisture,
texture, organic matter content, etc.). The aim of this work was to apply the degree-hours method
(DH) to characterize the thermal impact of forest fires in soils. Thermal treatments in the laboratory
were conducted using soil samples in order to study the effects in the soil exchange complex. The
results showed the effect of the supplied degree-hour (DH) on the cation exchange capacity (CEC),
which was expressed by a continuous exponential decrease in the CEC. This function may better ex-
plain the process of the decreasing of CEC than only the maximum temperature values. The sum of
cations extracted in relation to the thermal treatment gradually increased with temperature or DH,
and tended to stabilize at high values. The concentration of the different cations extracted increased
gradually with the intensity of heating, and when related to the DH appeared to fit an equation of
the type y=a+bx* with a high degree of confidence. Analyses of the results show that the measurement
of the heat supplied to the soil is a useful parameter with which to interpret pedologic changes, es-
pecially when those changes happen continuously over time.

RESUMEN

Para la evaluacion de la severidad de un incendio, tanto la duracion de la exposicion del suelo a una determinada
temperatura como los factores que determinan la capacidad de transmision térmica en el suelo (humedad, textura,
contenido en materia orgdnica, efc. ) son pardmetros importantes a tener en cuenta. E/ presente estudio tiene como
objetivo la aplicacion de la metodologia de los grados-hora (DH) en la caracterizacion de los impactos térmicos
de los incendios forestales en el suelo. Los tratamientos térmicos se realizaron en el laboratorio usando muestras de
suelo recogidas en el campo sin alterar su estructura para estudiar su efecto en el complejo de cambio del suelo. Los
resultados obtenidos muestran un claro efecto en la capacidad de intercambio cationico (CIC) en funcion de los
grados-hora (DH) suministrados, observdndose un proceso de disminucion continuo de cardcter exponencial. Esta
Jfuncion podria explicar de forma mds evidente el proceso de reduccion de la CIC que los valores mdximos de tem~
peratura alcanzados. Analizando la suma de cationes extraibles y su relacion con el tratamiento térmico se observa
como esta se incrementa gradualmente con la temperatura o los DH con una tendencia a la estabilizacion. Los
diferentes cationes extraidos muestran un incremento progresivo con la intensidad del calentamiento, que cuando
se relacionan con los DH pueden ajustarse a una funcion del tipo y=a+bx‘ con un elevado grado de confianza. La
utilizacion de los DH como medida del calor aportado al suelo puede ser un pardmetro adecuado para establecer
relaciones con los cambios eddficos que se pueden desencadenar en el mismo, sobre todo en el caso en el que los procesos
varien de forma continua en el tiempo.
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RESUMO

Para a avaliagio da severidade de um incéndio, tanto a duracdo da exposicao do solo a determinada temperatura
como os fatores que determinam a transmissao de calor no solo (humidade, textura, conteiido em matéria orgdnica,
etc.) sio parametros importantes a considerar. O presente estudo tem como objectivo a aplicagio da metodologia dos
graus-hora (DH) na caracterizagio dos impactos térmicos dos incéndios florestais nos solos. Os tratamentos térmicos
Sforam realizados no laboratdrio utilizando amostras de solo recolhidas no campo com a estructura inalterada de
modo a avaliar o eféito das mesmas no complexo de troca do solo. Os resultados obtidos mostram um claro eféito na
capacidade de troca cationica (CTC) em fungio dos graus-hora (DH) administrados, verificando-se um decréscimo
continuo de cardcter exponencial. Esta fungio explica de forma mais evidente o processo de redugio da CTC do que
apenas os valores maximos de temperatura alcangados. Considerando a soma de catides extraiveis em comparagio com
o tratamento térmico, o valor da soma aumenta gradualmente com a temperatura ou graus-hora com uma tendéncia a
estabilizar para os valores mais elevados. A concentragdo dos diferentes catides extraiveis aumentou progressivamente
com a intensidade do aquecimento e relativamente aos DH, podendo ser ajustada por uma fungdo do tipo y=a+bx‘ com
um alto grau de confianca. A partir dos resultados pode concluir-se que a medigao do calor fornecido ao solo pode ser
um parametro apropriado para interpretagao das alteracbes eddficas produzidas, nomeadamente quando estas ocorrem
de forma continua.
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1. Introduction

Many studies of the effects of forest fires on soll tain changes occur was established by DeBano
and vegetation have been carried out since soil et al. (1998), chemical synthesis studies to de-
temperature thresholds were first defined. Sig- termine the impact of heating on soil chemical
nificant changes in soil properties and vegeta- properties were carried out (Giovannini et al.
tion are produced at temperatures above these 1990) (Table 1), and threshold temperatures for
thresholds. The initial study by Beadle (1940), biological disruptions were established (Neary
which proposed a method for measuring the soil et al. 1999 from studies recompiled by DeBano
temperature reached in a fire, also reported the et al. 1998). Subsequent studies and review pa-
resistance of some types of seed to high soil pers established the impact of different thresh-
temperatures. This study also highlighted the old temperatures on soil properties (Nishita and
importance of soil moisture in transmitting heat Haug 1972; Boyer and Dell 1980; Wright and
and the consequent ecological effects of high Bailey 1982; Mataix-Solera and Guerrero 2007;
temperatures. The concept of a critical tempera- Ubeda et al. 2009; Varela et al. 2010; Mataix-
ture for determining the thresholds at which cer- Solera et al. 2011).

Table 1. Critical temperature thresholds at which some changes in soil properties occur
(Giovannini et al. 1990)

Threshold temperatures (°C) Changes in soil properties
25-170 Dehydration of the composite sample
170 - 220 Dehydration of gel forms
220 - 460 Combustion of organic matter
550-700 Loss of OH groups from clay minerals
700-900 Decomposition of carbonates
When establishing the concept of fire severity effect of heat and heat duration on soil to be de-
(Hartford and Frandsen 1992), it was realised termined. Attempts have been made to define
that the maximum temperature reached was not parameters of temperature-time curves (TTC)
the only factor involved in the damage caused by as a simple, indirect means of representing the
forest fires. The duration of the temperatures, as information described by the curves. Hartford
well as factors determining the transmission of and Frandsen (1992) considered the duration
heat through the soil (moisture, texture, organic temperatures above 100 °C an important param-
matter content, etc.) were all found to be impor- eter, and Molina and Linares (2001) proposed
tant in evaluating fire severity. More recently, others: peak temperature, total duration of heat,
Certini (2005) stated that among all the previous ascending slope, descending slope, duration of
factors, “duration is perhaps the component of temperature increase, and duration of tempera-
the fire severity that results in the greatest be- ture decrease. Mercer and Weber (2001) devel-
lowground damage”. oped a method of determining the total duration
above a given temperature, which was applied
Temperature-time curves (heating curves), by them to predict the mortality of trees affected
which can be determined experimentally es- by the temperatures reached during a fire.

tablished or theoretically predicted, enable the
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Another approach used to determine the effects
of forest fires on soil properties, which has a
more valid physical basis, is the measurement
of the transfer of heat energy to the soil. In a re-
view paper of this topic, DeBano et al. 1998 con-
cluded that the fundamental processes involved
in heat transfer to soil are radiation, convection
and conduction, the first two usually being the
most important. Nevertheless, it is very difficult
to characterize the heat transfer to soil because
of the variability in combustion and soil con-
duction (Neary et al. 1999). Although different
models have been developed to address this
problem (Aston and Gill 1976; Hungerford and
Campbell 1991; Campbell 1995) it remains to
be determined whether these can be generally
applied to the very varied conditions that affect
forest fires.

Finally, Busse et al. (2005) proposed the use
of degree hours above a given threshold as an
alternative method to evaluate how lethal tem-
peratures and their duration affect soil biological
properties. These authors considered a lethal
threshold temperature of 60 °C (considered by
many authors as the lethal level for soil biologi-
cal processes) and proposed the accumulated
degree hours above 60 °C as an indicator of bio-
logical disruptions in the soil.

Measurement of degree hours or degree days,
which is a common procedure in biometeorol-
ogy (Munn 1970), is used to determine the com-
bined influence of a given temperature threshold
and of the duration of temperatures above this
threshold. In lay terms, it can be considered as
the “amount” or “degree” of heat provided. The
use of the method is widely accepted in biologi-
cal studies, particularly in phenological studies
of plants and poikilothermic animals (Roltsch et
al. 1999; Herms 2004). This method has been
used in soils to characterize the pedoclimate
from a biological point of view (Diaz-Fierros
1972) and to relate the heat provided to the de-
composition and weathering of organic matter
(Griffin and Honeycutt 2000; Ruffo and Bollero
2003). Different methods are used for simple
and accurate measurement of the parameters
required to calculate degree hours (Roltsch et
al. 1999; Statewide IPM 2003; Coskun 2010).
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The present study attempted to apply the de-
gree-hours method to characterize the thermal
impact of forest fires on soil. The study, which
is the first carried out with large samples of soil
subjected to thermal treatments under controlled
laboratory conditions, aimed to evaluate the ef-
fect of thermal shock on the exchange complex
(a basic chemical property).

2. Material and Methods

2.1. Soil sampling

The study area is located in the northwest of
Spain (42°51°N, 9°06°W) at 12 meters above
sea level. The soil sampling was carried out in
a sparse Pinus pinaster Ait. stand, with a herba-
ceous understory consisting of graminaceous
plants. The soil is Leptic Umbrisol (WRB 2007),
with a 13.4% organic matter, pH in water of 5.64,
a sandy-loam texture (USDA) and a soil depth
from 20 to 30 cm, over granite and granodiorite
bedrock. A total of six soil samples within an
area of 4 m? without trees were collected and
the natural structure of the soil was maintained
by inserting a steel box of 20x40 cm (sides) and
15 cm deep into the ground (Figure 1) with the
minimum disturbance in the soil structure.

2.2. Thermal shocks

In the laboratory, the samples were weighed
and then heated with 8 infrared lamps (Philips
IR375CH) situated 10 cm above the soil surface
(Figure 2). The soil temperature was measured
with thermocouples inserted at depths of 1 and 3
cm in the samples. In two of the samples (treat-
ments A and B) heating was maintained until a
temperature of 200 °C at 1 cm depth, reaching
a maximum temperature at that depth of 200 °C
and 220 °C respectively. The other two samples
(treatments B and C) were heated until a tem-
perature of 400 °C at 1 cm depth, reaching a
maximum temperature of 434 °C and 401 °C re-
spectively.

YEAR 2012 e VOLUME2 e ISSUES3
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Figure 1. Soil sampling using steel boxes 20 x 40 x 15 cm
to preserve soil structure.

IBFRE R
Heated until 400 °C

Figure 2. Experimental design for the heating treatments.

The soils were allowed to cool and were then re-
weighed to enable calculation of the water loss
through heating (as the difference in weight of
the soil before and after heating). Five subsam-
ples of soil were taken from the burned surfaces,
to a depth of 2 cm, and combined to make a
composite sample of 10 g, which was homog-
enized and prepared for chemical analysis. The
other two samples were not subjected to heating
treatments and were used as controls.
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2.3. Calculation of degree hours

The degree-hour method has been used in soils
as a measure of the degree of heat supplied to
the soil in relation to microbiological functions
(Honeycutt et al. 1988; Griffin and Honeycutt
2000; Ruffo and Bollero 2003) as well in studies
related to phenology of soil fauna (Pruess 1983;
Zalom et al. 1983), or more recently about the
thermal exchange of the materials used in con-
struction (Coskun 2010). In the present work,
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the degree-hour method (DH) was modified for
the specific case of study. Due to the fact that
measurements were made every 5 minutes and
the average temperature in the laboratory was
21 °C, the following equation was used to calcu-
late the degree hours (DH):

(Ts[j.c'mj —21)

DH21 = E 17

(Equation 1)

To calculate the degree hours that affect the sur-
face layer of the soil for each sample (DH,, ) the

difference in temperatures at 1 and 3 cm depth
were included adapting the equation as follows:

T: (T
DH gpp1s = EE 5r_mu:.12( E“r'schmj}(Equation 2)

Where:

T, (tom) = Temperature in °C every 5 minutes at
1 cm depth.

T, (som) = Temperature in °C every 5 minutes at

3 cm depth.

A good correlation between the two methods of
calculating the degree hours was found (2 = 0.964),
and the final equation used to relate both method-
ologies was as follows:

DH,, = 1.75 (DH

sample)

(Equation 3)

2.4. Determination of chemical changes in soil
samples after heating

To assess the changes in the soil exchange
complex due the heating treatments, the total
cation exchange capacity (CEC) and the ex-
changeable bases (S) for the six samples (2
control samples and 4 heating treatments) were
determined by the ammonium acetate method
at pH 7.0 (Gillman et al. 1983; Sumner and
Miller 1996; WRB 2007). The organic matter
content was determined by oxidation with po-
tassium dichromate and sulphuric acid (Guitian
and Carballas 1976). For the treated samples all
the parameters were also determined after each
thermal shock treatment.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

3. Results and Discussion

3.1. Time-temperature curves

The time-temperature curves (TTC) for the 1 and
3 cm depths are shown in Figures 3A and 3B.
The rates of increase and decrease in the tem-
peratures in the pairs of soils heated to 200 °C
(Treatments A and B) and 400 °C (Treatments C
and D) were very different, particularly at 1 cm
depth. A characteristic inflection point in the rate
of heating was observed between 60 °C and 100
°C in the TTC of treatments B, C and D, but was
not observed in the TTC of treatment A. This in-
flection may be attributed to the energy consump-
tion required to evaporate the water contained in
the soil (Campbell 1995). Soil water was lowest
in treatment A as confirmed by the loss of water
values for each treatment (Table 3). The plateau
is also consistent with the endothermal peak that
appears in thermograms for soils from NW Spain,
which has been attributed to dehydration of the
sample and loss of volatile compounds (Salgado
et al. 1995).

The rate of heating is shown in Table 3, and is
approximately described by the slope of the
time-temperature rising curve. The rates and
the maximum temperature reached during the
heating distinguish the four thermal treatments.
The TTC for the 3 cm depth shows lower maxi-
mum temperatures but over a longer duration. A
delay in reaching the maximum temperature at
both depths was observed for treatments A (10
min), C (45 min) and D (15 min), reaching the
temperature peak first at 1 cm depth. Treatment
B had a different behaviour and the temperature
peak at 3 cm depth was reached 5 minutes be-
fore than at 1 cm depth.

According to the main soil heating models, mois-
ture is the pedologic property that probably has
the greatest influence on soil heating (De Vries
1963; Aston and Gill 1976; Campbell 1995). The
relationship between the slope of the regression
lines of the TTC (Table 3) and the loss of water
from the soil (Figure 4) was therefore determined,
and an excellent correlation between the variables
was obtained (r? = 0.968).
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Figure 3. Time-temperature curves for 1 cm depth (3A) and 3 cm depth (3B).

Table 3. Regression lines for the rising phase of the time-temperature curves in the four thermal treatments
studied. Maximum temperatures (Tmax) at 1 and 3 cm. Loss of water (w/w)

Thermal Tmax (°C) Tmax (°C) Regression line 2 Loss of water
treatments (1cm) (3cm) 9 (kg)(w/w)
A 202 52 T=12.80 min+ 21 0.936 0.10 (0.009)
B 222 87 T=2.61 min+ 21 0.967 0.84 (0.075)
C 434 93 T=9.02 min+ 21 0.980 0.29 (0.026)
D 401 167 T=5.24 min+ 21 0.995 0.54 (0.048)
0.08 -
® Soil water content (w/w) =-0.0063-Slope(min) + 0.0863
0.07 4 R*=0.9683
E
£ 0.06
E
E 0.05 PY
5 004 4
=
s
2 0.03 1
A [ )
0.02
0.01 °
0 ; . - : : : )
0 2 4 6 8 10 12 14

Slope of the regression line

Figure 4. Relationship between the slope of the regression lines of the
TTC and the loss of water from the soil.
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The curve of the heating phase follows a sig-
moidal pattern, and the mean slopes are different
for each of the four soils samples. Besides other
factors, the mean slope is proportional to the
moisture content of the soil, with which is closely
related. In general, the curve for the cooling phase
is dependent on the duration and level of the
temperature reached, and therefore the shape
of the TTC would depend mainly on the maxi-
mum temperature reached (predetermined by
the experimental conditions) and the soil mois-
ture content.

The four heating curves could be grouped into
pairs based on the temperature peak reached.
This represents four different levels of heat
supplied to the soil and is approximately deter-
mined by the area under the TTC and a given
reference temperature. Taking the mean labora-
tory temperature (21 °C) as the reference tem-
perature, determination of the DH,, above this
reference level may be a simple method for es-
timating the amount of heat supplied to the soil.
The DH,, for the four thermal treatments were
very different: A (79.05 DH, ), B (318.6 DH,,), C
(351 DH,,) and D (643.9 DH,,), which indicated
that this parameter may be more suitable than
the temperature peak reached: A (202 °C), B
(222 °C), C (434 °C) and D (401 °C), for studying
the effect that thermal impacts have on soils or
on pedologic ecosystems in general.

The calculation of the area under the TTC for
depths 1 and 3 cm was considered as an alter-
native method for calculating the DH affecting
the surface layer of the soil (DH, ). This
method also produced very different (although
lower) values for each soil A (54.2 DH
B (166.35 DH ), C (246.2 DH
D (373.2 DH

sample) )

samp/e) ’

) and

sample sample

One important consideration that can be de-
duced from the curves is the importance of soil
moisture as a decisive factor for interpreting the
effects of forest fires on soils. In this case, the
coefficient of variation of soil moisture (72%) for
the four samples collected within a small area of
soil is very high, possibly as a result of the he-
terogeneity of the soil, which was located in an
old, unevenly spaced Pinus pinaster Ait. stand.
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Nonetheless, coefficients of variation closer
to those cited in the literature may be equally
important for interpreting the wide variability of
responses of ecosystems to fires of apparently
similar characteristics: Kachanoski et al. 1988,
(42%); Nyberg 1996, (33-43%); Usowicz and
Kosowski 2001, (14-21%); James et al. 2003,
(20-30%); Jacobs et al. 2004, (40-60%); and Er-
sahin and Resit Brohi 2006, (14-20%).

3.2. Relationship between the degree-hours and
the soil exchange cations

The degree hours that were calculated using
the temperature data recorded at 1 and 3 cm
depth (DH_,, ) were considered to be a good
indicator of the heat transfer within this soil la-
yer. The DH_ . was related to the content of
exchange cations in the soil subsamples under the
different thermal treatments. The concentration of
the different cations extracted with ammonium
acetate increased gradually with the intensity
of heating (Figure 5), and when related to the
DH,,,... appeared to fit an equation of the type
y=a+bx° with a high degree of confidence (Table
5). Studies of the response of exchange cations
to temperature when the soil is not affected by
ash have reported a decrease in exchange ca-
tions with temperature (Nishita and Haug 1972),
whereas in those cases when the ashes affect
the soil, the response is positive (Christensen
and Muller 1975; Khanna et al. 1994; Pereira et
al. 2011). However, the release of cations such
as calcium, which may be tightly bound to orga-
nic ligands (Allison 1973), should not be over-
looked as these may move to exchange sites
when organic matter is combusted.

The exponential fits to the DH_ . (Table 5)
clearly show the continuous nature of the pro-
cess, and also differentiate the monovalent ca-
tions (c >1) from the divalent cations (c <1). This
difference may be explained by the increase
in monovalent cations induced by the thermal
shock, whereas the divalent cations tend to sta-
bilize.
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Table 5. Best fits to the straight line y=a+bx¢ for the relationship between the exchange cations
from the thermal treatments and the DH

sample

Exchange cations (y) a b c R?
Na 0.91 3.4e05 1.605 0.803
Na+K 2.13 2.3e0 1.929 0.928
Na+K+Ca 4.65 0.120 0.676 0.977
Na+K+Ca+Mg 5.76 0.124 0.678 0.966

4 Na B Na+EK

—_
-
)

ANA+E+a O NatE+CatMg

—
e
s
L]

\\\\\ \\ i
%\\ -

—_
=]
L

Content of exchange cations (cmol™ ke

400

Accumulated degree-hours (DH,:,ml,k.)

Figure 5. Family of curves showing the content of exchange
cations in the soils subjected to the different thermal treatments.

This family of curves illustrate how the heating
led to a continuous increase in the content of
the exchange cations (area between curves).
The increase tended to stabilize at the highest
DH,,,,. values. The proportion of the different
exchange cations observed in the control sam-
ple (Ca > Mg > K > Na) changed by the heating
process to Ca > K > Na > Mg in treatment A.
However, the increase in the concentration of
Mg was greater than Na, and therefore the for-
mer was presented in a higher proportion at the
end of the process. As regards the quantitative
importance of the exchange sites, the sequence
included in Table 6 was observed throughout the
thermal shock treatments.
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Calcium was the dominant cation in the exchange
complex, followed by potassium. This sequence
of cations is difficult to explain only in terms of
additions via ashes, and suggests the involve-
ment of other processes such as the release of
cations from organic ligands or specific selec-
tivity for exchange sites.

The relation between the DH_, . and the CEC
(Figure 6) shows a continuous exponential de-
crease in the latter. This decrease was clearly
observed from treatment A at 54 DH__ . Com-
parison of the curve for CEC with the curve for
the sum of the cations (S) revealed that the final
portion of the sum of cations surpassed the
value of the exchange capacity by 5 cmol® kg'.
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Table 6. Sequence of the quantitative importance of the exchange cations content
after the different thermal treatments

No treatment (control)
Treatment A
Treatment B
Treatment C

Treatment D

35 1

Ca>Mg>K=>Na
Ca>K>Na>Mg
Ca>K>Mg>Na
Ca>K>Mg>Na
Ca>K>Mg>Na

o CEC
30 4 *s
q
25 4 CEC=8.98+19.63¢xp(-DHgupic/ 43 57)

CEC and S (emol"/kg)

0 100

200 300 400

Accumulated degree-hours (DHgmpe)

Figure 6. Relationship between the DH

the soil

sample’

exchange capacity (CEC), and the sum of cations (S).

Different authors have shown that soil heating
generally leads to a loss of cation exchange si-
tes in the soil. When these sites mainly depend
on the type of organic matter in the soil, as in
soils from NW Spain (Guitian 1964), the CEC
begins to decrease above the threshold tempe-
rature of organic matter destruction. According
to Giovannini et al. (1990), these processes be-
gin above 220 °C and are completed at around
460 °C. In soils similar to those in the present
study, Soto and Diaz-Fierros (1993) found that
there was no decrease in the CEC at 170 °C,
whereas at 380 °C the CEC had decreased by
76%. Nishita and Haug (1972) observed that
the decrease in CEC began at 200 °C in acid
soils rich in organic matter. In these studies, the
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slopes of the curve describing the decrease in
CEC with temperature vary from 36% (Soto and
Diaz-Fierros 1993) to 15% (Nishita and Haug
1972) per 100 °C. In the present study, the CEC
decreased by 50% at 202 °C, 70% at 220 °C
and by only slightly more (approximately 75%)
at temperatures above 400 °C. This response at
the maximum temperatures may be considered
normal in soils in which the CEC depends on the
organic matter content.

Relating the CEC tothe DH_,_ clearly defines a
continuous exponential process (Figure 6). The
equation: CEC =8.98+19.63exp(-DH_, /43.67)

(r? = 0.977) may provide a better explanation for
the reduction in CEC than the maximum tem-
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peratures reached, as the reduction is not easily
explained (e.g. the decrease of 20% between
202 and 220 °C represents a slope of —110% per
100 °C). Nonetheless, there is clearly a thres-
hold temperature above which the CEC begins
to decrease, and this part of the curve would be
better defined by mean DH__ values lower
than 54.2 in treatment A.

Considering the sum of cations extracted with
ammonium acetate in relation to the thermal
treatment, the value of the sum increased gradually
with temperature or DH___and then tended to
stabilize. Such an increase in exchange cations
has been reported in different studies (Grove et
al. 1986; Raison and Stottlemyer 1990; Tomkins
et al. 1991) and has been attributed to the inputs
of cations via ashes due to effects of the heat re-
leased, by destruction of crystalline networks or,
in particular, of organic radicals. The observed
increase in Figure 6 surpassed the maximum
values of the CEC by some 5 cmolkg™, and
could be explained by the presence of cationic
salts that would be added to the cations retained
at the exchange sites (Nishita and Haug 1972;
Soto and Diaz-Fierros 1993). The traditional
method of determining exchange cations, which
was used in the present study and is recom-
mended for soil classification (Summer and Mi-
ller. 1996) involves extraction of the soil with 1M
ammonium acetate without prior washing, and
so the extract would also include hydrosoluble
compounds that are not bound to the exchange
complex.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

4. Conclusions

The degree-hour method for measuring the
heat supplied to soil by forest fires is suitable for
studying the relationship between forest fires and
the resulting effects on the soil. This particularly
applies to cases in which the processes vary
continually over time and allows the changes in
the pedologic ecosystem to be interpreted. The
degree-hours calculated using the temperatures
recorded at 1 and 3 cm depth during the heat-
ing treatments were significantly related by expo-
nential functions to the CEC and the content of
exchange cations. In the case of the exchange
cations a continuous increase was observed
according to the degree of heat supplied, and
tended to stabilize towards higher values of de-
gree hours.

An important point to highlight in view of the re-
sults obtained in this and other studies is the
importance of soil moisture data as a determin-
ing factor when interpreting the effects of forest
fires. In general, the curve for the cooling phase
is dependent on the duration temperature, soil
moisture content and the maximum temperature
reached, and these factors define the shape of
the cooling curve.
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