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1. INTRODUCTION

Soil sustainability and recovery after fire depend on physical, chemical and biological processes and fire severity
(Neary et al., 1999; Mataix-Solera and Guerrero, 2007). Fire effects on soils are divided in two types: direct
effects, as a consequence of combustion and temperature reached and indirect effects (Neary et al., 1999) as
consequence of changes in other ecosystem components, such as decrease in vegetal coverage or ash and partially
burned litter contribution including changes in flora (Pausas and Verdu, 2005; Trabaud, 2000).

Low intensity fires, during which high temperatures are not reached, affect vegetal coverage but will not cause
major impacts on soil. In contrast, prolonged, recurrent, or high-intensity fires may cause important impacts on
the soil system functioning (De Celis et al., 2013; DeBano, 1991; Mataix-Solera et al., 2009; Zavala et al., 2014),
aggregation (Mataix-Solera et al., 2011), organic matter content and quality (Sevink et al., 1989), water repellency
(DeBano, 2000; Doerr et al., 2000), soil nutrients (Stark, 1977), soil erosion (Larsen et al., 2009) and others. In
these cases, the restoration period of the initial conditions can be very long and changes may become permanent
(DeBano, 1991).

During combustion, fuel (biomass, necromass and soil organic matter) is transformed in materials with new
physical and chemical properties. After burn, the soil surface is covered by a layer of ash and charred organic
residues. Ash has important ecological, hydrological and geomorphological effects, even after being rearranged or
mobilized by runoff or wind (Bodi et al., 2014).

Ash properties will depend on the burned species, the amount of affected biomass, fuel flammability and structure,
temperature and the residence time of thermal peaks (Pereira et al., 2009). Some studies have emphasized the
role of ash on soil protection during the after fire period, in which the vegetable coverage could be drastically
decreased (Cerda and Doerr, 2008; Woods and Balfour, 2008; Zavala et al., 2009).

The presence of an ash layer may be ephemeral, as it often is quickly removed or redistributed by water and wind
erosion, animals or traffic (Zavala et al., 2009a). Many authors have observed that the capacity of ash to protect
soil depends on properties as the topography, the meteorological conditions and the thickness of ash coverage
(Cerda and Doerr, 2008; Pereira et al., 2013; Woods and Balfour, 2010; Zavala et al., 2009).

Taking this into account, in this study we hypothesized that the wettability / hydrophobicity of the ash layer may
have a significant effect on the soil response to splash erosion. Therefore, the aim of this study is to evaluate the
dispersion of sediments produced by the impact of raindrops in function of ash wettability after a prescribed fire
at plot scale.

2. MATERIAL AND METHODS

In 20 November 2012, a prescribed fire was carried out in an area located in the public mount "Las Navas", near
Almaden de la Plata, Sevilla (approx. 37° 50* 44.44” N / 6° 3’ 7.44”W and 428 masl). Soils are acidic and shallow,
developed from acidic metamorphic rocks (schists, slates and pyrophyllites). Vegetation is dominated by shrub
legumes (Calicotome villosa and several species of Ulex and Genista). The experimental area was framed and
plowed to eliminate the risk of fire spreading during the experiment. Previously to burn, level staffs were installed
for determination of flame height. The temperature reached in the soil was monitored during the fire by a set of six
thermocouples which were buried in soil (2 cm depth) and connected to a data-logger for monitoring the topsoil
temperature every 60 s. The environmental conditions were also monitored during the experiment by a mobile
weather station. At the moment of the ignition, the temperature was around 20 °C and the wind speed was near 0.0
m/s.

After ignition, the experimental area was allowed to burn during 2.5 h. During burning, flames reached 200 cm
height, although thermal peaks recorded 2 cm depth were relatively low (not surpassing 80 °C). After burning,



the soil surface was covered by a pattern of white and black ash, indicating varying degrees of fire severity,
and areas covered by water repellent or hydrophilic ash were selected using the ethanol percentage test (EPT).
The EPT provides an indirect measurement of the surface tension of the ground and, therefore, indicates the
intensity of soil water repellency and is based on the different surface tension of a number of standardized
solutions of ethanol in water. The procedure consists in applying drops (0.05 mL) of different ethanol solutions
with different concentrations onto the surface of the ash layer observing if infiltration occurs in a period that not
exceed 5 s (Jordan et al., 2010) . Every drop is allowed to fall from a distance not bigger than 15 mm to avoid the
excess of kinetic energy that can affect infiltration. Applying drops with decreasing surface tension (that is, with
concentrations of increasing ethanol) until a drop resists the infiltration allows the classification of the ground
in a particular class of surface tension between two concentrations of ethanol: that in which infiltration occurs
immediately (in less than 5 s) and the above solution of weaker concentration. Thus, it is assumed that solution
whose drop is infiltrated within the first 5 s after application has a lower surface tension than soil surface.

Fifteen representative points were selected at wettable or water-repellent ash zone. At each selected point,
surrounded by white/wettable or dark/water-repellent ash to a minimum distance of 0.5 m, splash sediment
collection device was installed. This system consist on a couple of funnels (100 mm in diameter) arranged one
inside the other, with a paper filter beween both. Each device was inserted in soil until only 10 mm protruding
the ground surface in order to avoid capturing runoff sediments. Sediments collected at each point of study were
collected monthly and determined gravimetrically after oven drying between November 2012 and May 2013.

3. RESULTS AND DISCUSSION

Depending on the intensity of the water repellency, the ash layer fluctuated between wettable and very strongly
water repellent. The ash has a high permeability and water storage. However, its hydrophilic character has been
emphasized rarely (Cerda and Doerr, 2008). Different authors have described hydrophobic behaviors depending
on the burned vegetation such as oak (Gabet and Sternberg, 2008) or pine forest (Stark, 1977) in the United States,
eucalyptus forest in Australia (Khanna et al., 1996 ) or Mediterranean tree and shrub species in Spain (Bodi et al.,
2011). In the latter case, Bodi et al. (2011) observed that ash has different properties depending on the combustion
conditions, organic carbon content and color. This variability of behavior agrees with the results obtained in the
present work.

Significant differences between splash erosion from wettable and water-repellent ash zones were found (p <
0.0001). In the water-repellent ash zone, large differences were found among samples. The amount of sediment
displaced by splash increased rapidly up to 264.10% (from 3.90 £ 0.44 to 14.20 £ 1.75 g) during the first four
months after burn (November 2012 - February 2013). In contrast, during the last three months (March - May
2013), the amount of displaced sediments remained high, but with low growing rate (28.11%, from 16.97 £+ 1.66
to 21.74 £3.27 g).

In the wettable ash zone, the amount of sediment displaced was much smaller, with mean values between 1.29
(November 2012) and 6.14 g (May 2013). During the first two sampling dates after burn, data did not differ
significantly among sites (1.38 &£ 0.18 g on average), but the amount of sediment collected grew slowly during the
experimental period between 3.06 4= 0.39 and 6.14 =+ 0.69 g (January - May 2013). Several authors have suggested
that ash acts protecting soil from the direct impact of raindrops and thus reduce sediment dispersion by splash
(Cerda and Doerr, 2008, Larsen et al, 2009; Woods and Balfour, 2008, Zavala et al, 2009). However, there is very
little information about the effect of hydrophobicity on splash erosion. In a rainfall simulation experiment under
laboratory conditions, Bodi et al. (2012) observed that splash erosion was at least two times higher in samples
of water repellent soil than in hydrophilic soil, but no differences in ash loss or thickness of ash layer were observed.

4. CONCLUSIONS

Our results highlight the role played by ash water repellency and the influence of burn severity on the development
of a pattern of splash erosion intensities. Splash erosion was reduced in one order of magnitude on wettable ash
zones. In contrast, the presence of a water-repellent ash layer increases the mobilization of sediments at plot scale.
Further research should focus on the impacts of ash wettability on splash erosion at hillslope scale in the post fire.

REFERENCES

Bodi MB, Doerr SH, Cerda A, Mataix-Solera J. 2012. Hydrological effects of a layer of vegetation ash on
underlying wettable and water repellent soil. Geoderma 191, 14-23.

Bodi MB, Martin DA, Balfour VN, Santin C, Doerr SJ, Pereira P, Cerda A. Mataix-Solera J. 2014. Wildland fire
ash: Production, composition and eco-hydro-geomorphic effects. Earth-Sciece Reviews 130, 103-127.

Cerda A, Doerr, SH. 2008. The effect of ash and needle cover on surface runoff and erosion in the immediate
post-fire period. Catena 74, 256-263.

De Celis R, Jordan A, Zavala LM. 2013. Efectos del fuego en las propiedades bioldgicas, fisicas y quimicas del



suelo. In: Bento-Gongalves A, Vieira A (Eds.), Grandes incéndios florestais, erosao, degrada¢do e medidas de
recupera¢do dos solos. Nucleo de Investigacdo en Geografia e Planeamento (NIGP), Universidade do Minho.
Guimaraes. Pp.: 145-160.

DeBano LFE. 1991. The effect of fire on soil. In: Harvey AE; Neuenschwander LF.(Eds.), Management and
productivity of western-montane forest soils. General Technical Report INT-280. Intermountain Forest and Range
Experimental Station, United States Department of Agriculture, Forest Service. Ogden, UT.

DeBano LF. 2000. Water repellency in soils: a historical overview. Journal of Hydrology 231-232, 4-32.

Doerr SH, Shakesby RA, Walsh RPD. 2000. Soil water repellency: its causes, characteristics and hydro-
geomorphological significance. Earth-Science Reviews 51, 33-65.

Larsen I, MacDonald LH, Brown E, Rough D, Welsh MIJ, Pietraszek JH, Libohava Z, Benavides-Solorio JD,
Schaffrath K. 2009. Causes of post-fire runoff and erosion: water repellency, cover or soil heating?. Soil Science
Society of America Journal 73, 1393-1407.

Mataix-Solera J, Guerrero C. 2007. Efecto de los incendios forestales sobre las propiedades edaificas. In: J.
Mataix-Solera (Ed.) Incendios Forestales, Suelos y Erosion Hidrica. Caja Mediterrineo CENACAM Font
Roja-Alcoi. Alicante. Pp.: 5-40.

Mataix-Solera J, Guerrero C, Arcenegui V, Barcenas G, Zornoza R, Pérez-Bejarano A, Bodi MB, Mataix-Beneyto
J, Gémez I, Garcia-Orenes F, Navarro-Pedreqnio J, Jordan MM, Cerda A, Doerr SH, Ubeda X, Outeiro L, Jordén
A, Zavala LM. 2009. Los incendios forestales y el suelo: un resumen de la investigacion realizada por el Grupo
de Edafologia Ambiental de la UMH en colaboracién con otros grupos. In: Cerda A, Mataix-Solera J. (Eds.). El
efecto de los incendios forestales sobre los suelos en Espafia. El estado de la cuestion visto por los cientificos
espafioles. Universitat de Valencia. Valencia. Pp.: 185-218.

Mataix-Solera J, Cerda A, Arcenegui V, Jorddn A, Zavala LM. 2011. Fire efects on soil aggregation: a review.
Earth-Science Reviews 109, 44-60

Neary DG, Klopatek CC, DeBano LF, Ffolliott PF. 1999. Fire effects on belowground sustainability: a review and
synthesis. Forest Ecology and Management 122, 51-71.

Pausas JG, Verda M. 2005. Plant persistence traits in fire-prone ecosystems of the Mediterranean Basin: a
phylogenetic approach. Oikos 109, 196-202.

Pereira P, Ubeda X, Outeiro L, Martin D. 2009. Factor analysis applied to [U+FBO01 ]re temperature effects on
water quality. In: Gémez E, Alvarez K (Eds.), Forest Fires: Detection, Suppression and Prevention. Series Natural
Disaster Research, Prediction and Mitigation, Nova Science Publishers, New York, NY. Pp.: 273-285

Pereira P, Cerdd A, Ubeda X, Mataix-Solera J, Martin D, Jorddn A, Burguet M. 2013. Spatial models for
monitoring the spatio-temporal evolution of ashes after [U+FBO1]re - a case study of a burnt grassland in
Lithuania. Solid Earth 4, 153-165.

Sevink J, Imeson AC, Verstraten JM. 1989. Humus form development and hillslope runoff, and the effects of fire
and management, under Mediterranean forest in N.E. Spain. Catena 16, 461-475.

Stark NM, 1977. Fire and nutrient cycling in a Douglas-fir/larch forest. Ecology, 58, 16-30.

Trabaud L. 2000. Post-fire regeneration of Pinus halepensis forest in the west Mediterranean. In: Ne’eman G,
Trabaud L (Eds.), Ecology, biogeography and management of Pinus halepensis and P. brutia forest ecosystems in
the Mediterranean basin. Backhuys Publishers. Leiden. Pp.: 257-268.

Woods SW, Balfour VN. 2008. Vegetative ash: an important factor in the short term response to rainfall in the
post-fire environment. Geophysical Research Abstracts 10, EGU2008-A-00556.

Woods SW, Balfour VN. 2010. The effects of soil texture and ash thickness on the post-fire hydrological response
from ash-covered soils. Journal of Hydrology 393, 274-286.

Zavala LM, Jordan A, Gil J, Bellinfante N, Pain C. 2009. Intact ash and charred litter reduces susceptibility to rain
splash erosion post-wildfire Earth Surface Processes and Landforms, 34, 1522-1532.

Zavala LM, De Celis R, Jorddn A. 2014. How wildfires affect soil properties. A brief review Cuadernos de
Investigacion Geografica 40, 311-331.

AKNOWLEDGEMENTS

This research is part of the POSTFIRE Project (ref. CGL2013-47862-C2-1-R), funded by the Spanish Ministry of
Economy and Competitiveness. The authors are also grateful to the Environmental Management Centre (Mykolas
Romeris University, Lithuania) and the Michoacan University (Morelia, Mexico) for their support.



