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Abstract

The effect of two post-fire stabilization treatments (seeding and mulching) on some selected physical, chemical,
biochemical and microbiological properties as well as the efficacy of these treatments on post-fire erosion
control was investigated. The study was performed in two scrubland areas of Galicia (N.W. Spain), susceptible
to suffer post-fire erosion (slope 30-50%) after an experimental fire and a wildfire, respectively. Soil samples
were taken from the A horizon at different sampling times over one year after the fire event as well as from the
corresponding unburnt soil located in an adjacent plot used as control; the sediments from the burnt soils, with
and without different post-fire stabilisation treatments, were periodically collected after precipitation events.
The results showed that initially the wildfire induced important changes in most properties measured and that
these effects persisted 12 months after the fire; in contrast, the experimental fire provoked slight changes in the
physic-chemical and chemical properties but moderate changes in the biochemical properties. They also
indicated that both stabilisation treatments had no effects on the soil properties analysed and then on soil quality,
but reduced significantly the sediments yield compared to the control burnt soil. The mean efficiency of the
seeding and mulching treatments in preventing soil erosion was 21-31% and 85-88%, respectively, showing
that, in the short- and medium-term (12 months), the straw mulching was the most effective treatment for
reducing the post-fire erosion in both burnt areas.

Keywords: experimental fire, wildfire, soil quality, post-fire soil erosion, post-fire rehabilitation.

1. Introduction

High severity forest wildfires are common in the N.W. of Spain and the risk of post-fire erosion is very
high due to the presence of forest ecosystems located in pronounced relief terrains, in combination
with abundant precipitations (Carballas 2014; Carballas et al. 2009; Vega et al. 2013). It is well known
that post-fire stabilisation treatments such as seeding, mulching and erosion barriers can reduce surface
runoff and keep post-wildfire soil in place and thereby prevent sediment deposition in unwanted areas,
being regarded as a defensive first line against post-fire erosion and sediments movement (Robichaud
et al. 2005). Therefore, the implementation of post-fire stabilisation techniques in burnt forest
ecosystems could reduce post-fire erosion; however, studies on this topic are scarce and have been
mainly performed in USA. Since post-fire stabilisation treatments are expensive they should only be
applied where and when they are required; therefore, studies on monitoring the efficacy of these
techniques are necessary to compare their effectiveness and determine if they should be implemented
in burned areas of the N.W. of the Iberian Peninsula. The aim of this investigation was to evaluate the
effectiveness of two stabilisation techniques, seeding and mulching, in reducing soil erosion as well
as their effects on the soil quality.
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2. Methods

The study was performed on two scrubland hill slopes areas located in Galicia (N.W. of Spain), one
affected by an experimental fire of low severity (Monte Cabalar, Pontevedra; E soil), and the other
affected by a high severity wildfire (Laza, Ourense; W soil) and highly susceptible to suffer post-fire
erosion (slope 30-50%). In both areas, experimental plots (E soil, 30 m long x 10 m wide; W soil, 20
m long x 5 m wide) were installed by triplicate (W soil) or quadruplicate (E soil) and four treatments
were established: unburnt control soil (U); burnt control soil (B); burnt soil with seeding (B+S; a
mixture of seeds at a rate of 45 g m in the E soil; and rye seeds at a rate of 10 g m2 in the W soil);
and burnt soil with straw mulch (B+M; straw at a rate of 250 g m™) (Figs. 1. 2, 3). For the different
soil treatments, the sediments production (Figure 4) as well as the analysis of different physical,
chemical and microbiological properties of the soil samples collected from the A horizon (0-5 cm) was
performed over an one year period. A detailed description of the experimental set up as well as the
methods used for the sediments and soil characterization are given in Fontarbel et al. (2012) and Diaz-
Ravifia et al. (2012). Soil characterization included a wide range of physical (texture, water retention,
water repellence, aggregate stability), physic-chemical (pH, electric conductivity), chemical (total C,
soluble C, soil carbohydrates, total N, 3C, N, inorganic N, macro- and micro-nutrients) and
biochemical and microbiological (microbial biomass, soil enzymes of C, N and P, bacterial activity,
soil respiration, microbial biomarkers such as phospholipids fatty acids —PLFA pattern) properties, as
well as sediment characterization, performed at different sampling times over one year period.
However, to facilitate the interpretation of data, only 11 soil properties measured 1 day and 365 days
after the application of the treatments were here used for evaluating the soil quality status in the two
experimental burned areas.

In order to evaluate the effect of the fire and the post-fire stabilisation treatments, the values of three-
four plots with the same treatment were averaged (mean = SE). The data were analyzed by a standard
analysis of variance (ANOVAL1) and, in the cases of significant F statistics, the Turkey’s minimum
significant difference test was used to separate the means. In addition, a principal component analysis
(PCA) was carried out on the physical, chemical and biochemical data for the evaluation of the soil
status. All statistical analyses were made using SPSS 15.0 statistical package.

Figure 1. Partial view of the macro-plots in the area affected by an experimental fire (Monte Cabalar, A Estrada,
Pontevedra; E soil).
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Figure 2. Partial view of the experimental area affected by a wildfire (Laza, Ourense; W soil).

Figure 3. Burnt soil protection against post-fire erosion with straw mulching.
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Figure 4. View of the macro-plots delimited by geotextile fabrics to measure post-fire erosion.

3. Results and discussion

The main topsoil characteristics of the unburnt and burnt soil samples 1 day and 365 days after the
wildfire are showed in Figures 5 and 6. The soils studied had an acid pH, elevated content of organic
matter and microbial biomass C and low nutrient availability and microbial activity values, these
results being representative of forest soils under shrub land vegetation in the Atlantic humid temperate
zone of the N.W. of the Iberian Peninsula. Compared to the corresponding unburnt soil samples (U),
significant positive or negative effects in most physic-chemical, chemical and biochemical properties
were observed immediately after the wildfire (W soil) and less marked or even no significant changes
in the soil affected by the experimental fire (E soil). These results can be explained by the temperatures
reached during the fire event; the prescribed fire was of low severity, reaching temperatures of 153°C
in the mineral soil surface and 34°C at 2 cm soil depth (Fonturbel et al. 2012) whereas the uncontrolled
fire was of moderate to high severity as it was indicated by the presence of black and white ashes and
the total consumption of the ground plant communities (Vega et al. 2013). The microbial biomass and
the activity values were lower in the burnt soils than in the corresponding unburnt soils, indicating that
the fire had negative effects on the microbial population (death of microorganisms by soil
sterilization). It should be noticed that for both soils, the fire induced more marked changes in the
biochemical properties (microbial C, glucosidase activity, urease activity) than those observed in the
physic-chemical and chemical properties. This is consistent with earlier studies performed with soils
from the same region showing the usefulness of the more labile and active fraction of the soil organic
matter, the microbial component, to detect the impact of prescribed fires (Barreiro et al. 2010; Basanta
et al. 2004) or wildfires of medium and high intensity (Prieto et al. 1998; Villar et al. 2004).

One year after the wildfire, except for the electric conductivity, the burnt soils showed values for the
physic-chemical, chemical and biochemical parameters different from those reported for the
corresponding unburnt soil, indicating that the adverse fire impact persisted over time. This behaviour
can be explained by the high temperatures reached during the fire as well as the low recovery of the
vegetation.
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Figure 5. Soil physical and chemical properties for the different soil treatments 1 day and 365 days after the
experimental fire (E) or the wildfire (W) (mean values of 3-4 replicates). Treatments: U, unburnt soil; B, burnt soil;
B+S, burnt soil plus seeding; B+M, burnt soil plus straw addition. For the same soil and sampling time different
letters denote significant differences (p<0.05) among treatments. Available nutrients were taken from Gémez-Rey et
al. (2013) and Gémez-Rey and Gonzalez-Prieto (2014).
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Figure 6. Soil biochemical properties in the different soil treatments 1 day and 365 days after the experimental fire
(E) or the wildfire (W) (mean values of 3-4 replicates). Treatments: U, unburnt soil; B, burnt soil; B+S, burnt soil
plus seeding; B+M, burnt soil plus straw addition. For the same soil and sampling time different letters denote
significant differences (p<0.05) among treatments.

With regard to the experimental fire, a positive fire influence on pH and a negative effect on the
glucosidase and the urease activities were still maintained after 365 days.

The comparison of the values obtained for the selected soil properties analyzed in the burnt plots under
seeding and mulching treatments (B+S, B+M) 365 days after the fire with those of the corresponding
untreated burnt soil (B) allowed us to determine the effect of these two post-fire stabilisation treatments
on the soil quality. Likewise, the analysis of the sediments corresponding to the above treatments
allowed us to determine their effectiveness on the control of soil erosion. The results clearly indicated
that, independently of the fire event, there were no significant differences between the B+S and B+M
treatments and the corresponding burnt control (B) for any of the soil properties studied, which showed
that at least after one year these two stabilisation treatments did not modify the burnt soil quality
(Figures 5 and 6).

In order to compare the soil quality in the unburnt and the burned samples collected in the two
experimental areas, all physic-chemical, chemical and biochemical properties should be used together.
Consequently, a Principal Component Analysis (PCA) was used to analyse the 11 soil properties of
the whole data set of the samples analyzed (n = 16 samples) (Figure 7). The main two factors identified
accounted for 68% of the variance. The factor 1, which accounted for 42% of the variance, is defined
at its positive extreme by the pH, the electric conductivity, the inorganic N and the available P; and at
its negative extreme by the microbial biomass C and the urease activity. The
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Figure 7. Score (A) and loading plots (B) from principal component analysis performed on the physical, chemical and
biochemical properties of the studied soil treatments 1day (i) and 365 days (f) after the experimental fire (E) or the
wildfire (W). Treatments: U, unburnt soil; B, burnt soil; B+S, burnt soil plus seeding; B+M, burnt soil plus straw

addition.

factor 2, which accounted for 21% of the variance, is defined at its positive arm by variables related to
the organic matter (total N, total C and water retention). The distribution of the samples in the plane
defined by the Factors 1 and 2, make it possible to separate clearly the unburned samples of the soil
affected by the wildfire from the corresponding burnt samples and even the burnt soil sample from the
two treatments collected at different soil sampling time (1 day and 365 days); and, in a lesser extent,
the burnt samples of the soil affected by the experimental fire from the corresponding unburnt control
soil, suggesting that the factors 1 and 2 are related to the fire impact. The results showed that the fire
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provoked a decrease in the microbial C, the urease activity and the organic matter content; and an
increase in the available nutrients, electric conductivity and soil pH. These findings are consistent with
the results obtained in previous studies performed in the same region (Carballas et al. 2009; Martin et
al. 2012). Likewise the data indicated that the effect of the wildfire on the soil quality was much more
accentuated than that observed for the experimental fire (the unburned samples of the E soil were
grouped closer to the corresponding samples from the burnt treatments, whereas the unburned samples
of the W soil were clearly separate from the samples corresponding to the burnt treatments).

With regard to the soil stabilisation treatments effects, it should be noticed that, independently of the
experimental area considered, the burned treatments of the same soil (B, B+S, B+M) are grouped
together, indicating that the post-fire stabilisation treatments did not change at medium-term (1 year)
the quality of the burnt control soil.

The total loss of soil in the soil affected by the experimental fire and the wildfire within 12 months,
without and with two different post-fire stabilisation treatments, is showed in Figure 8. The values
were 3,628 kg hat in the burnt E soil and 1,206 kg ha® in the burnt W soil, with 60-80% of sediments
production in the 2-5 months following the treatments application. The soil loss values obtained lied
in the reported range given for burnt soils of the temperate humid zone (Vega et al. 2013); however,
it should be noticed that the area affected by the wildfire (W soil) exhibited lower values than those
observed in the area subjected to the experimental fire (E soil). This behaviour can be explained
according to the rainfall amount and intensity that differed notably between the two experimental areas,
the rain events and the erosive power being higher in the E soil than in the W soil. The results clearly
indicated that important post-fire erosion processes can occur following a low severity fire and that
the climate rather than the fire intensity can be more determinant for the production of sediments under
specific environmental conditions such as those in the present study (N.W. of the Iberian Peninsula).

5000 | Sediment (kg hal) aT12 (1500 | Sediment (kg hal) aT12
mTs | b . mT5
4000 - b E soil - 1250 7 / W soil aT2
3000 - _ ab or1 1000 - ab OT1
500 -
1000 250 - HHHHHHH
0 0
B B B+S

Figure 8. Accumulated sediment yield during the first 1, 2, 5 and 12 months following the experimental fire (E) or the
wildfire (W) (11 variables, n = 16 samples). Treatments: U, unburnt soil; B, burnt soil; B+S, burnt soil plus seeding;
B+M, burnt soil plus straw addition.

The soil losses accumulated during the study period from the plots with post-fire stabilisation
treatments were much lower than those registered for the burnt control. The sediment yield data
indicated that the mulching treatment was the most effective to control the post-fire erosion since
compared to the control the soil losses were reduced by 75-95% in the four evaluation dates, whereas
the seeding reduced the soil losses by 20-42%. At the end of the experiment the efficiency of the
seeding was 21% in the E soil and 31% in the W soil, whereas the mulching reduced the erosion by
88% in the E soil and 85% in the W soil; therefore the mean efficiency of the treatments were similar
independently of the fire severity. The efficiency values of these soil stabilisation treatments differed
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notably from the values obtained in the NE of Spain (Badia and Marti 2000) but are in accordance
with those observed in recent studies performed in the NW of the Iberian Peninsula (Prats et al. 2013,
Vega et al. 2013).

4. Conclusions

The results showed that initially the wildfire induced important changes in most properties analyzed
and that these effects persisted 12 months after the fire; in contrast, the experimental fire provoked
slight changes in the physic-chemical and chemical properties but moderate changes in the
biochemical and microbiological properties. They also indicated that both stabilisation treatments had
no effects on the soil properties analyzed and then on the soil quality, but reduced significantly the
sediments yield compared to the control burnt soil. The mean efficiency of the seeding and mulching
treatments in preventing soil erosion was 30-40% and 70-90%, respectively, showing that, in the short-
and medium-term (12 months), the straw mulching was the most effective treatment for reducing post-
fire erosion in both burnt areas. Therefore, taking into account their effects on soil quality as well as
their effectiveness, treatments such as seeding and mulching are recommended to control the post-fire
erosion in this temperate humid region. However, since post-fire stabilisation techniques are
expensive, the straw mulching rather than seeding should be implemented due to its lower cost/benefits
ratio.
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