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• Mediterranean soils developed over
marls are very vulnerable to degrada-
tion after wildfire.

• Post-fire salvage logging affects soil
quality over short- and medium-terms.

• Plant recovery is also affected by sal-
vage logging treatments after forest fire.

• Reduced plant cover and lower soil
quality could increase soil erosion rates.
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Post-firemanagement can have an additional impact on the ecosystem; in some cases, evenmore severe than the
fire. Salvage logging (SL) is a common practice in most fire-affected areas. The management of burnt wood can
determine microclimatic conditions and seriously affect soil properties. In some cases, the way of doing it,
using heavymachinery, and the vulnerability of soils to erosion and degradation canmake this management po-
tentially aggressive to soil. Research was done in “Sierra de Mariola Natural Park” (E Spain). A forest fire
(N500 ha) occurred in July 2012. In February 2013, SL treatment was applied in a part of the affected forest.
Plots for monitoring this effect were installed in this area and in a similar nearby area where no treatment was
done, used as control (C). Soil samplings were done immediately after treatment and every 6 months during
two years. Some soil properties were analysed, including organic matter (OM) content, nitrogen (N) available
phosphorous (P) basal soil respiration (BSR),microbial biomass carbon (Cmic), bulk density (BD), water repellen-
cy (WR), aggregate stability (AS) and field capacity (FC). SL treatment caused an increase in BD, a decrease of AS,
FC, OM and N. In the control area, in general the soil properties remained constant across the 2 years of monitor-
ing, and themicrobial parameters (BSR and Cmic), initially affected by the fire, recovered faster in C than in the SL
area. Plant recovery also showed some differences between treatments. No significant differenceswere observed
in the number of plant species recorded (richness) comparing C versus SL plots, but the number of individuals of
each species (evenness) was significantly higher in C plots. In conclusion, we can affirm that for the conditions of
this study case, SL had a negative effect on the soil-plant system.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction
Forest fires are part of the natural dynamic of the terrestrial ecosys-
tem (LeHouerou, 1977; Naveh, 1975), and are also reflected in the fossil
record and the great number of species adaptation due to this natural
disturbance. The Mediterranean ecosystems have been and currently
are very influenced by this phenomenon, as fire is a recurrent fact in
the Mediterranean area, and one of the main causes of changes in
these ecosystems. Fire induces changes in soil properties (e.g.: Andreu
et al., 1994; Cerdà, 1996; Certini, 2005; Llovet et al., 2008), and can
have an impact on soil productivity of burnt areas (Robichaud, 2009) es-
pecially when they are affected by huge and high intensity fires such as
those that are frequent in some summer seasons under extremeweath-
er conditions.

Post-fire management can have a negative impact on the soils being
in some cases evenmore severe than the fire itself. Salvage logging (SL)
is a common management technique in fire-affected areas, comprising
the extraction of the burnt wood and in many cases using heavy ma-
chinery and dragging the trunks over soil, leading to a consequent in-
crease in its vulnerability to erosion and soil degradation
(Mataix-Solera et al., 2015, 2016).

González-Ochoa et al. (2004), Martínez-Sánchez et al. (1999),
Pausas et al. (2004), Vega et al. (2008), and Griffin et al. (2013),
among others, studied the vegetation dynamic in areas affected by
fires and where SL treatments were applied. All of them concluded
that to a greater or lesser degree there was a negative influence on
plant recovery. Wagenbrenner et al. (2016), Morgan et al. (2014) and
Sexton (1998) observed, reduced vegetation cover in areas where SL
treatment was used compared to unlogged areas. Vegetation recovery
after post-fire SL might have been hampered by the soil compaction
(Page-Dumroese et al., 2006) or lower water availability (Marañón-
Jiménez et al., 2013) caused by the equipment traffic. Numerous studies
have demonstrated that soil compaction in forested environments can
also persist for several decades, which can impede plant development
for prolonged time periods (Wert and Thomas, 1981; Froehlich et al.,
1985; Vora, 1988; Reisinger et al., 1992; Brevik, 2013).

Previous studies have shown that post-fire logging can increase soil
disturbance and erosion (Klock, 1975; McIver and Starr, 2001; McIver
and McNeil, 2006; Slestak et al., 2015; Wagenbrenner et al., 2015;
Peterson and Dodson, 2016), alter the cover and composition of recov-
ering native vegetation (Stuart and Grifantini, 1993; Purdon et al.,
2004; Keyser et al., 2009; Ritchie et al., 2013), damage natural tree re-
generation (Keyser et al., 2009) and increase surfacewoody fuelswithin
2–4 years after fire and logging (Donato et al., 2006).

There are several factors contributing to the increased runoff rates
and erosion after SL treatment. Wagenbrenner et al. (2016) attributed
the increase in runoff after logging equipment traffic to lower infiltra-
tion rates resulting from reduced micro and macro soil porosity (Ares
et al., 2005; Horn et al., 2004; Startsev and McNabb, 2000), associated
it with an increase in soil compaction.Wilson (1999), in his rainfall sim-
ulation experiments found that post-fire SL did increase surface runoff
and erosion in part caused by the disruption of the biotic crust by
heavy equipment. However, in NE SpainMarques andMora (1998), ob-
served that the sediment yields in burned areas as a consequence of the
SL treatment were moderately low, and recently in NW Spain,
Fernández and Vega (2016) didn't find any detrimental effect of SL
treatment compared to natural regeneration. These contradictory re-
sults could be due to factors such as type of soil, when and how the SL
treatment is carried out, and meteorological conditions which can be
decisive.

Little is known about what effect this kind of treatment has in soil
properties and how this can affect the ecosystem response to the fire
and post-fire managements. Marañón-Jiménez et al. (2011) observed
a decrease in soil respiration after salvage logging treatment, and
Serrano-Ortiz et al. (2011) a negative impact for potential carbon se-
questration. Post-fire SL treatment reduces the vegetation cover
(Serrano-Ortiz et al., 2011; Wagenbrenner et al., 2016), and affects soil
micro-climate (Lindenmayer and Noss, 2006), decomposition, and eco-
system carbon storage capacity. Moreover, post-fire SL can reduce or-
ganic matter input to the soil by removing the standing dead trunks
that would eventually fall and contribute to soil organic carbon storage
(Smith et al., 2000; DeLuca and Aplet, 2008; Moroni et al., 2010; Seedre
et al., 2011). All these factors can also provoke a fast response in micro-
bial properties, producing important changes in the content of microor-
ganisms and their activity (Burton et al., 2000; Nadelhoffer, 2000; Tang
et al., 2003).

In this research we studied the immediate, short and medium–term
effect (2 years of monitoring) of a SL treatment applied in a recently
burned area (6 months after fire) with a soil vulnerable to degradation
in physical, chemical andmicrobial soil properties, and also in the resto-
ration of vegetation recovery, by comparison with no treatment (con-
trol) to study whether this management can have an impact on soil
quality and the magnitude of these changes.

2. Materials and methods

2.1. Study site

The study area is located in “Sierra deMariola Natural Park” in Alcoi,
Alicante (E Spain). Coordinates of the study area are 38°43′59″N, 0°29′
16″W. This area has a Mediterranean climate with 3–4 months of sum-
mer drought, usually from late June till September. This climate is
characterised by a dry-hot summer and a wet-warm spring, autumn
and winter. The annual average precipitation is 490 mm, which falls
mainly in October–November (maximum rainfall in October, 71 mm).
Mean monthly temperature is 14.8 °C (summer: 22.7 °C, winter:
7.9 °C). The forest is composedmainly of Pinus halepensis trees of around
40 years oldwith an understory of typicalMediterranean shrubs species
such as Quercus coccifera, Rosmarinus officinalis, Thymus vulgaris,
Brachypodium retusum, etc. The soil is classified as a Typic Xerorthent
(Soil Survey Staff, 2014) developed over marls with a low depth, very
vulnerable to erosion and degradation processes, with 4.6% of organic
matter content in first 5 cm soil depth, a loam soil texture with 45, 39
and 17% of sand, silt and clay respectively, and 44% of carbonates.

A forest fire of moderate severity occurred in July 2012 affecting a
total of 546 has. Six months after the forest fire, in February 2013, sal-
vage logging (SL) treatments consisting of a complete extraction of
the burnedwood using heavymachinerywas applied in a part of the af-
fected forest. In the pictures of Fig. 1 an example of specific areas where
logs were gathered and dragged onto the road during and just after the
extraction of wood can be observed.

2.2. Experimental design, vegetation monitoring, soil samplings and
analysis

Three plots of 4 m2 for monitoring this effect were installed in this
area and another three in a similar nearby area where no treatment
was done, which were then used as control (C) for comparison. All
plots in both treatments were chosen with the same aspect and slope
for comparable results (Fig. 2). The six plots were monitored for plant
recovery. In these plots, three seasonal periods were observed, autumn
2013, spring and autumn 2014. The following parameters were deter-
mined: Richness (number of plant species for each plot), Evenness (num-
ber of individuals of each species) and Diversity. The Shannon-Weaver
(H′) index was calculated as a measure of diversity, as it combines
two components of diversity, i.e., species richness and evenness. It is cal-
culated from the equation H′=−Σpi(ln pi), where pi is the proportion
of individuals found in the ith species.

Soils samplings were done immediately after post-fire treatments
and every 6 months, until a total of five soil samplings were made in
areas near the plots for plant recovery. Three soil samples (0–5 cm
depth) per plot were collected from the A soil mineral horizon (n = 9



Fig. 1. Examples of salvage logging (SL) treatments (left Picture) and how the study area looked just after SL treatments, especially where logs are gathered and dragged onto the road
(right picture). Photos: J. Mataix-Solera, 2013.
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samples per treatment and per sampling; total n = 135 samples). The
election of the depth of soil sampling was decided after estimations of
the averaged mineral soil depth affected by the SL treatments. In some
specific areas where logs were gathered and dragged, the affected soil
depth was higher, but not representative. These specific areas were
avoided to install the plots and all of them were installed in the most
representative places after the treatment.

For every soil sample an aliquot was kept under 4 °C to measure the
microbiological parameters, and the rest of the soil sample was dried at
room temperature and sieved apart between 4 and 0.25 mm for Aggre-
gate Stability (AS) tests and the remaining 2 mm for the rest of the
physico-chemical analysis. In all the samples the organicmatter content
(OM), aggregate stability (AS), soil water repellency (WR), bulk density
(BD), Kjeldahl N, available phosphorus (P), field capacity (FC), basal soil
respiration (BSR) andmicrobial biomass carbon content (Cmic)were de-
termined. Soil OMwas determined by the potassiumdichromate oxida-
tion method (Nelson and Sommers, 1982). AS was measured with the
method of Roldán et al. (1994), based on the method of Benito and
Díaz-Fierros (1989). This method examines the proportion of aggre-
gates that remain stable after a soil sample (sieved between 4 and
0.25 mm) is subjected to an artificial rainfall of known energy
(270 J m−2). Persistence of soil water repellency (WR) was assessed
by the Water Drop Penetration Time (WDPT) test (Wessel, 1988). Ap-
proximately 10 g of air-dried sample (b2mm)was placed into separate
plastic dishes (diameter 50mm), and exposed to a controlled laboratory
atmosphere (20 °C, 50% relative humidity) for 24 h to eliminate poten-
tial effects of any variations in preceding atmospheric humidity on WR
(Doerr et al., 2002). The average time for triplicate drops is taken as
the WDPT value of a sample, and then classified according to Bisdom
et al. (1993) and Doerr et al. (1998), as follows: wettable
(WDPT b 5 s), slightly water repellent (WDPT: 5–60 s), strongly water
repellent (WDPT: 60–600 s), severely water repellent (WDPT: 600–
3600 s), and extremely water repellent (WDPT N 3600 s).
Fig. 2. Examples of plots marked for monitoring the salvage logging (SL) effects on soil and veg
Photos: J. Mataix-Solera, 2013.
Total nitrogen was determined by the Kjeldahl method (Bremner
and Mulvaney, 1982). Available phosphorus was determined by the
Burriel-Hernando method (Díez, 1982). Field capacity was assayed by
the method of Forster (1995). Cmic was determined by the fumigation-
extraction method (Vance et al., 1987). The basal respiration of soil
was measured in a multiple sensor respirometer (Micro-Oxymax, Co-
lumbus, OH, USA).

In the case of bulk density we performed soil samplings more fre-
quently during the first year (one per month) trying to get more infor-
mation as to whether soil compaction as a consequence of treatment
could happen in the short-term. Bulk density was measured using un-
disturbed soil cores of 100 cm3.

2.3. Statistical analyses

The fitting of the data to a normal distribution for all soil properties
was checkedwith the Kolmogorov-Smirnov test at p b 0.05. To compare
post-fire treatments effect (SL versus C), t-test for independent samples,
for every one of the soil samplings was used; also a one-way ANOVA
was carried out to know the differences between samplings (temporal
changes) for each one of the two treatments. The separation of means
was carried out according to the average post-hoc Tukey test p b 0.05,
assuming equal variance. Redundancy analysis (RDA) was used to ex-
amine the relationship between the soil treatment and soil characteris-
tics. Soil physical, chemical and microbial properties were tested for
significant contributions to the variation data using the Monte
Carlopermutation test (p b 0.05). Only the soil properties that were sig-
nificantly correlatedwith factors in the RDAwere included. Vectors rep-
resent soil properties. Vectors of greater magnitude that form smaller
angles with an axis are more strongly correlated with that axis. All sta-
tistical analysis was performed with the SPSS program (Statistical Pro-
gram for the Social Sciences 18.0). RDA was performed using CANOCO
for Windows v. 4.5.3
etation. Left picture: plot installed in SL area, right picture: control plot in untreated area.

Image of Fig. 1
Image of Fig. 2


Fig. 3. Temporal changes in soil aggregate stability (AS) fromuntreated-control (C) area versus salvage logging (SL) treated area during the 2 years of study. Different letters above the bars
indicate significant differences between soil sampling periods (1–5), in capital and bold for SL treatment.
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3. Results

3.1. Soil physical properties (BD, AS, WR and FC)

One of the physical effects of SL was compaction of the soil surface
layer, indicated by an increasing trend of BD and a decrease of AS.
Bulk density of this type of soil is relatively low since the parentmaterial
(marls) has a low real density. In the control area the BDvaried between
0.72 ± 0.08 to 0.78 ± 0.07 g cm−3 and without statistical differences
throughout the whole study period. However, in the area with SL treat-
ment a progressive tendency to increase was measured with an initial
value of 0.62 ± 0.06 for the first soil sampling, to 0.83 ± 0.09 g cm−3
Fig. 4. Temporal changes of field capacity (FC) from untreated-control (C) area versus salvage lo
significant differences between soil sampling periods (1–5), in capital and bold for SL treatmen

Fig. 5. Temporal changes of soil organic matter content (OM) from untreated-control (C) area v
the bars indicate significant differences between soil sampling periods (1–5), in capital and bo
at the end of the study period, with statistical differences (p b 0.05)
two years after the treatment, indicating a compaction of soil.

In Fig. 3, we can observe the evolution of AS for both treatments.
After the fire, the percentage of AS was high, around 90%. SL treatment
clearly provoked a decrease in AS (around 20%) that was observed
6 months after treatment and this difference was maintained until the
end of the study. The control soils were able to maintain the same
level of AS during the whole study period. This property is closely relat-
ed with BD, and due to the SL treatment, the destruction of part of the
aggregates contributed to clog soil pores and therefore increased the BD.

The field capacity shows high variability in values but in general we
observed lowermean values in the SL area than in the C plots (p b 0.05)
gging (SL) treated area during the 2 years of study. Different letters above the bars indicate
t.

ersus salvage logging (SL) treated area during the 2 years of study. Different letters above
ld for SL treatment.

Image of Fig. 4
Image of Fig. 5
Image of Fig. 3


Table 1
Differences between treatments for every sampling along the experiment. Significant at:
*p b 0.05, **p b 0.01; ***p b 0.001; ns: not significant (p N 0.05).

Parameter Sampling 1 Sampling 2 Sampling 3 Sampling 4 Sampling 5

AS ns *** *** *** ***
FC ** ns ** *** **
P ns ns ** ns ***
OM ns ns *** *** ***
N ns ns ** *** ***
BSR ns ** ns ** ***
Cmic ns * *** *** ***

AS: aggregate stability; FC: field capacity; P: available phosphorous; OM: organic matter
content; N: nitrogen; BSR: basal soil respiration, Cmic: microbial biomass carbon.
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for most of soil samplings (Fig. 4). Soil WR was not detected in any soil
sample at any period of soil sampling (WDPT b 5 s).
3.2. Soil organic matter content, nitrogen and available phosphorous

As we can see in Fig. 5, the OM content in the SL area shows a signif-
icant and important progressive decrease during the whole study peri-
od, reaching less than half of the initial content in the last sampling. We
also found statistically significant differences in OM content between
treatments for the three last samplings (p b 0.001; Table 1). The control
area did not show variations for this parameter, keeping the initial soil
OM content constant during the whole study period (Fig. 5).

The behaviour of N is similar to the OM content. The area that has
suffered the wood extraction showed a significant decrease of the N
content (50%) during the study period. Soil of control plots has kept
its N content during the first samplings increasing it significantly from
the third sampling. We found significant differences between the two
treatments in last three samplings after SL (Fig. 6 and Table 1).
Fig. 6. Temporal changes of nitrogen (N) from untreated-control (C) area versus salvage logg
significant differences between soil sampling periods (1–5), in capital and bold for SL treatmen

Fig. 7. Temporal changes of available phosphorous (P) from untreated-control (C) area versus sa
indicate significant differences between soil sampling periods (1–5), in capital and bold for SL
Fig. 7 shows the evolution of available P during the study period,
there were almost no differences for this parameter between treat-
ments especially at the start of the study, although some lower mean
values for SL treatment were obtained from the third soil sampling
but with high variability of data. The soil of C area kept the same levels
of available P during all the study period.

3.3. Microbial biomass carbon and soil basal respiration

One of the parameters most directly affected by the fire in the soil
was the Cmic, as can be observed in Fig. 8, very low values were regis-
tered in all the experimental areas during the first two soil samplings,
these values being below 300 mg C kg−1 soil. In general the average
content of Cmic in forest soils of our region is in the range of 800–
1200 mg C kg−1 soil (Zornoza et al., 2007; Garcia-Orenes et al., 2012).
It has been observed that the control area showed a good recovery of
microbial populations after the third sampling reaching mean Cmic

values of 1200 mg C kg−1 at the end of the study period, while the av-
erage value in the soils of the SL treated area was below
600 mg C kg−1 at the end of the study.

A similar behaviour has been observed in BSR with a lower activity
immediately after fire in all the samples studied (Fig. 9). The soil of
the control area was recoveringmicrobial activity in the following sam-
plings while the areawith SL treatment showed lower values relative to
the control, this being statistically significant at the two last soil sam-
pling periods (Table 1).

The RDA performed on all data (Fig. 10) showed that the first two
axes could explain 72% of the total variation. Axis 1 separated SL sam-
ples of C samples and explained 58%. All soil physical, chemical and mi-
crobial propertieswere significant (p b 0.05). The variable AS accounted
for a large amount of the variation in the distribution of samples along
axis 1. The RDA has showed an important and significant difference of
behaviour in the majority of the properties studied between SL and C
ing (SL) treated area during the 2 years of study. Different letters above the bars indicate
t.

lvage logging (SL) treated area during the 2 years of study. Different letters above the bars
treatment.

Image of Fig. 6
Image of Fig. 7


Fig. 8. Temporal changes ofmicrobial biomass carbon (Cmic) (P) from untreated-control (C) area versus salvage logging (SL) treated area during the 2 years of study. Different letters above
the bars indicate significant differences between soil sampling periods (1–5), in capital and bold for SL treatment.

Fig. 9. Temporal changes of basal soil respiration (BSR) (P) from untreated-control (C) area versus salvage logging (SL) treated area during the 2 years of study. Different letters above the
bars indicate significant differences between soil sampling periods (1–5), in capital and bold for SL treatment.
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samples, these differences have been specially marked in microbiologi-
cal properties Cmic and BSR and N that were strongly related with sam-
ples from the control area.

3.4. Plant recovery

No significant differenceswere observed in the number of plant spe-
cies recorded (richness) comparing plots with SL treatment versus
Fig. 10. RDA analysis performedwith all data. AS: aggregate stability; FC: field capacity; P:
available phosphorous; OM: organic matter content; N: nitrogen; BSR: basal soil
respiration, Cmic: microbial biomass carbon.
control (untreated) plots (Table 2) in the three samples conducted,
but the number of individuals of each species (evenness) was always
significantly higher in C plots.

These differences were highly significant in the case of some species
such as Pinus halepensis, that presented an average of 20 individuals in
the SL plots and N300 individuals in the C plots (in autumn 2014).

Regarding diversity results (Shannon-Weaver index) differences be-
tween treatments were not statistically significant (Table 2). In annex
(supplement) are details of all plant species that appeared in both C
and SL areas.

4. Discussion

Post-firemanagement has engendered a great debate about the cor-
rect method to recover soil properties affected after fire (Beschta et al.,
2004; Donato et al., 2006; Lindenmayer et al., 2004; McIver and Starr,
2001). In the last two decades SL has been a common practice after
fire, but recent studies have reported that this treatment may impact
ecosystem function and regeneration (Donato et al., 2006;
Lindenmayer and Noss, 2006; Castro et al., 2010, 2011). In our study,
post-fire SL management clearly produced a general degradation of
soil as indicated by most of the soil parameters analysed. Physically,
soil suffered compaction, indicated by an increase in bulk density and
a loss of AS. The results of BD are similar to those observed by
Wagenbrenner et al. (2015) in a study of the effect of SL on soil in the
western USA; they found that the soil compaction due to logging
using machinery extended to a depth of at least 10 cm and relatively
few passes of the logging equipment resulted in substantial soil com-
paction. In our case we think it is more due to the loss of vegetation
cover, the progressive loss of OM during the study period, and the de-
struction of a part of the aggregates producing an increase in BD. Soil
OM content and AS are very closely and positively correlated in the for-
est soils of the region (Chrenková et al., 2014). The loss of OM, and the

Image of Fig. 8
Image of Fig. 9
Image of Fig. 10


Table 2
Plant recovery parameters measured and differences between treatments for every monitored period. Significant at: *p b 0.05, **p b 0.01; ***p b 0.001; ns: not significant (p N 0.05).

Autumn 2013 Spring 2014 Autumn 2014

Richness Evenness H′ Richness Evenness H′ Richness Evenness H′

C 9.5 ± 1.2 222.3 ± 58.0 0.55 ± 0.06 12.0 ± 2.0 221.5 ± 58.8 0.64 ± 0.10 10.2 ± 0.9 275.6 ± 19.8 0.58 ± 0.04
SL 8.7 ± 1.6 66.2 ± 40.8 0.64 ± 0.05 9.6 ± 2.5 77.4 ± 22.0 0.72 ± 0.03 8.2 ± 1.8 104.9 ± 36.6 0.51 ± 0.05

ns * ns ns * ns ns ** ns
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effect on soil structure can also be responsible for the lower FC mea-
sured in the SL area in most of the soil samplings (Table 1). This alter-
ation of soil structure produces an increase in the erosion rates, also a
consequence of the lower vegetation cover (Larsen et al., 2009;
Wagenbrenner and Robichaud, 2014). In the case of WR, soils of both
treatments showedwettable conditions during thewhole study period.
This result is not strange since fires do not always induce or increase
WR, because many factors are involved, such as temperatures reached
during burning (Arcenegui et al., 2007), and also soil type and proper-
ties can control its presence and development by burning (Mataix-
Solera et al., 2014).

The OM in the soils with post-fire SL treatment decreased from 7% to
b3% in first 5 cm soil depth; this loss of OM is higher than losses ob-
served as a direct consequence of high intensity forest fires in the Med-
iterranean area (Mataix-Solera et al., 2002). However in the case of the
control area the OM content remained stable without decreasing in the
whole study period. Some authors suggest that the decrease in OM con-
tent after the fire can be due to erosion (Hatten et al., 2005). In our case,
the results of the SL area suggest this area has suffered higher erosion
rates than the C area, and this fact could be the main cause of the pro-
gressive reduction of OM content together with conditions more
prone to OM mineralization rates, this means, less vegetation cover
and higher soil temperatures.

Microbiological parameters respond very quickly to perturbations in
soil, and in this study we observed that both fire and post-fire manage-
ment have a direct impact on the soil microbial biomass and activity.
The effect of fire on microbial biomass (Cmic) could be observed in the
first two soil samplings with very low values of this parameter. This is
as a consequence of the heat impact on soil microbiology (Mataix-
Solera et al., 2009). SL treatment also affected Cmic since the recovery
with time was much lower in SL compared to C area. Microbial activity
measured as BSR also showed lower values at the beginning of the study
with an increasing trend for the control and a decreasing trend in the SL
treated area. Thus both parameters have been consistently affected by
the post-fire SL treatment. Keeping the burnt wood over the soil surface
avoided the loss of OM content andmay supply nutrients to the soil that
have encouraged the microbial population and its activity (Harmon et
al., 1986; Grove, 2003; Coleman et al., 2004), our study has reported
higher levels of OM, N and P in the soil of the control area without
post-fire treatment. Also the trees felled on the surface would facilitate
wood-soil contact and decomposition (Maser and Trappe, 1984;
Harmon et al., 1986) explaining a higher BSR in these soils compared
with soil without wood. The maintaining the burnt wood on the soil
could also help to reduce the soil desiccation produced by the higher
soil heating expected over bare soil or with less vegetation cover
(Stoddard et al., 2008; Castro et al., 2011). Burnt trees and branches
can act as nurse structures improving microclimatic conditions for
plant regeneration (Harmon et al., 1986; Lindenmayer and Noss,
2006; Stoddard et al., 2008). These conditions promotedmicroorganism
development and increased the rate of respiration (Marañón-Jiménez et
al., 2011). On the other hand the post-fire treatment increased the neg-
ative effect offire in the soil producingdegradation processes as showed
by the slower and lesser development of soil microbial populations that
are closely related with structure, soil OM content and other properties
(García-Orenes et al., 2010). Some other studies showed that these
kinds of treatments could affect soil microbial communities (Jennings
et al., 2012) and nutrient cycling (Brais et al., 2000).
In addition, SLmay damage the bank of seedlings and affect plant re-
generation after fire, reducing plant density (Martínez-Sánchez et al.,
1999; McIver and Starr, 2001), as has been observed in our study. The
significantly greater abundance of individuals in the C plots means a
greater plant cover. This fact represents better soil protection in theme-
dium and long-term. This data indicates that the SL treatment clearly
promoted a significant decrease in the soil seed bank that would result
in a slower recovery of the original vegetation. Our study is in agree-
mentwith someother authorswho observed that post-fire SL treatment
reduces the vegetation cover (Serrano-Ortiz et al., 2011;Wagenbrenner
et al., 2016).
5. Conclusions

After two years of research, results showed significant soil degrada-
tion as a consequence of the salvage logging treatment. Most of the soil
parameters studied showed differences between the treatments, soil
OM content infirst 5 cmof topsoil being less than half in SL plots in com-
parison with C area. BSR, Cmic and AS were also statistically significant
lower in SL plots. BD increased as a consequence of the SL treatment.
In conclusion,we can affirm thatwith this type of soil, which is very vul-
nerable to soil degradation by erosion, the SL treatment has a very neg-
ative effect on the ecosystem, which was also reflected in the evenness
of plant species. In many cases the reason given for post fire cuttings is
because potential epidemic risk in unburned near forest. This only has
justification in the borders between burned and unburned, where
some trees are damaged but still alive. In the case that forest managers
recommend to remove the post-fire vegetationwe suggest towaitmore
time till soil is more protected by herbs and not bare and vulnerable to
erosion, or doing in combination with some protective treatment like
mulching. More research is needed in order to identify the SL effects
in different soil type conditions, at different times after fire, and/or in
combination with soil conservation treatments like mulching.
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