
Introduction 

Wildfires are a common feature of Mediterranean ecosystems due to environmental factors and anthropic 

influence, especially in those areas where land use change and the development of touristic infrastructures 

are more intense. Wildfires induce a series of soil changes affecting their physical and chemical properties and 

the hydrological and erosive response. Two of the properties that are commonly affected by burning are soil 

water repellency (WR) and aggregate stability (AS). Both properties WR are key factors controlling 

runoff/infiltration patterns and water availability in burnt soils, and may be used as indices for assessing burn 

severity. Independently of fire, both properties, AS and soil WR are related, since hydrophobic organic 

coatings may retard water entry in aggregates and reduce air entrapment, inhibiting aggregate slaking.  

Currently, very few studies have compared the occurrence and intensity of fire-induced WR under different 

types of vegetations within the same area. Also, very few studies on long-term effects of low-severity burning 

on Mediterranean soil types. 
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Objectives 

The field study was carried out between August 2006 (date of burning) and August 2011 with the following 

objectives: [i] to study the changes in SWR and AS immediately after fire and in the medium-term (6 years 

after burning) and its distribution within aggregate size fractions (<2, 1-2, 0.5-1 and 0.25-0.5 mm), [ii] to 

assess the relationships between postfire AS and WR, and [iii] to investigate interactions between AS and WR 

and different factors (site, time since burning, lithology and vegetation type) in calcareous Mediterranean 

soils. 

Methods 

Five areas affected by wildfires during summer 2006 were selected for this research (Fig. 1). The climate in the 

study area is Mediterranean, with cool, humid winters and warm, dry summers. Vegetation was characterized 

by grassland and Mediterranean shrubland. Table 1 shows the location, date of burning, lithology, vegetation 

type and burnt area at each study site. Main vegetation types in unburnt areas adjacent to studied burnt plots 

are grassland (dominated by Poaceae and Fabaceae); shrublands dominated by mastic (Pistacia lentiscus) and 

Mediterranean dwarf palms (Chamaerops humilis) associated with brooms (Genista linifolia and Calicotome 

villosa), and Kermes oak (Quercus coccifera). Also sparse olive trees (Olea europaea) and holm oak (Quercus 

rotundifolia) were present in some cases (LB and CF sites, respectively). 

Table 2 shows the main sol characteristics. Soils were calcareous, with loam to clayey texture. As shown from 

adjacent areas, soils were wettable or slightly water-repellent immediately before burning. 

Table 1. N/W coordinates, date of burning, lithology, dominant vegetation and burnt area (ha) for each studied site. 

Site N W Date Lithology Vegetation Total burnt area 

CF 36.58 5.34 22/07/2006 Limestone and marls Shrubland and grassland with sparse holm oak 600.40 

JF 36.41 5.35 31/08/2006 Marls Grassland 63.70 

LB 36.25 5.50 09/09/2006 Calcareous and siliceous sandstone Shrubland and sparse olive tree 115.10 

T1 36.10 5.55 17/07/2006 Calcareous sandstone Shrubland 141.00 

T2 36.05 5.59 22/07/2006 Marls Shrubland 133.50 

Code Soil group pH 
EC 

(µS cm-1) 

OC 

(%) 

CaCO3 

(%) 

N 

(%) 
C/N 

Sand 

(%) 

Clay 

(%) 

Texture 

(USDA) 

Coarse 

elements 

(%) 

BD 

(g cm-3) 

CF Lithic Leptosols 8.1 ± 0.1 0.49 ± 0.03 7.65 ± 0.3 18.3 ± 1 0.53 ± 0 4.12 ± 0.2 37 ± 0.4 23.3 ± 1.5 Loam 15.89 ± 1.5 1.17 ± 0.1 

JF Haplic Calcisols 7.5 ± 0.3 0.35 ± 0.03 3.74 ± 0.2 6.5 ± 0 0.13 ± 0 0.61 ± 0 21.56 ± 1.6 51.35 ± 2.7 Clay 3.2 ± 0.3 1.54 ± 0.1 

LB Haplic Luvisols 7.7 ± 0.4 0.44 ± 0.03 6.79 ± 0.6 12.2 ± 0.6 0.28 ± 0 3.51 ± 0.1 46.49 ± 3.8 21.3 ± 1 Loam 27.32 ± 0.3 1.66 ± 0 

T1 Haplic Luvisols 7.5 ± 0.1 0.15 ± 0 6.17 ± 0.6 11.5 ± 0.7 0.16 ± 0 3.01 ± 0.3 42.52 ± 1.2 18.81 ± 0.4 Loam 26.76 ± 0.8 1.68 ± 0.1 

T2 Eutric Regosols 7.8 ± 0.2 0.15 ± 0 5.03 ± 0.1 13.4 ± 0.7 0.16 ± 0 1.87 ± 0.1 43.47 ± 1.6 35.6 ± 0.6 Clay Loam 2.82 ± 0.1 1.42 ± 0.1 

Mean 7,7 ± 0,2 0.32 ± 0.16 5.88 ± 1.53 12.4 ± 4.2 0.25 ± 0.17 2.6 ± 1.4 38.2 ± 9.9 30.1 ± 13.5   15.2 ± 12 1.49 ± 0.21 

Table 2. Mean (± standard deviation) soil physical and chemical characterization in study areas. Soil classification according to ISSS-
ISRIC-FAO (1998). EC: electric conductivity; OC: organic carbon; AS: aggregate stability; BD: bulk density. N = 10 for each case. 

Figure 1. Study area an location of 
selected fire-affected. CT: Cortes de la 
Frontera (Málaga); JF: Jimena de la 
Frontera (Cádiz); LB: Los Barrios 
(Cádiz); T1 y T2: Tarifa (Cádiz). 

Figure 2. Details of different studied areas. 

Figure 7. Proportion of wettable samples from different sieve fractions (1-2, 0.5-1 and 0.25-0.5 mm) between 2006 and 2011. 
Codes: CF (Cortes de la Frontera), JF (Jimena de la Frontera), LB (Los Barrios), T1 (Tarifa), T2 (Tarifa); U (unburnt), B (burnt). 

Figure 8. Aggregate stability, determined as the proportion of stable aggregates (AS) from different sieve fractions (1-2, 0.5-1 and 
0.25-0.5 mm) between 2006 and 2011. Codes as in Figure 7. 

Figure 9. Ratio (WASR) between the proportion of wettable samples from sieve fractions (1-2, 0.5-1 and 0.25-0.5 mm) and 
aggregate stability between 2006 and 2011 in the study areas. Codes as in Figure 7. 
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Figure 4. Details of core sampling for bulk density assessment (left) and preliminary WDPT assessment under field conditions. 

Figure 5. Soil sampling in one of the burnt areas. Figure 6. Sieve samples of different studied soils. 

Results 

Both properties showed different tendencies in different aggregate size fractions. Results showed that soil 

WR was induced in wettable soils or enhanced in slightly or moderately water-repellent soils after moderate 

severity burning (Fig. 7). WR increased after fire especially in the finer fractions (0.25-0.5 mm) immediately 

after fire, and WR from finer aggregates (0.5-1 and 0.25-0.5 mm) varied or remained stable during the studied 

period, but did not contribute to general soil WR assessed in the fine earth fraction. 

AS increased significantly after the fire and was progressively reduced during the experimental period. Both 

properties returned progressively to pre-fire conditions during the study period. Soil resilience to low-

moderate severity burning in the study area was very high (Fig. 8). 

It can be concluded that soil resilience to low-moderate fire disturbance seems to be very high in the studied 

areas. Further research must include a study of the distribution of aggregate sieve fractions for completely 

explain its contribution to post-fire soil WR. 

Soil WR and AS were measured every12 months in soil samples (0-15 mm deep) in fine earth (<2 mm) and 

aggregate sieve fractions (1-2, 0.5-1 and 0.25-0.5 mm). WR was assessed using the WDPT test, and AS was 

determined as the percenta<ge of stable aggregates after laboratory rainfall simulation. 

In burnt soils, the ratio (WASR) between the proportion of wettable samples and aggregate stability of sieve 

fractions showed an increasing trend between 2006 and 2011 (Fig. 9). 

In the 1-2 mm and 0.5-1 mm fractions, WASR increased up to values similar to those from unburnt soils. On 

the contrary, WASR from the 0.25-0.5 mm sieve fraction reached aprox. 50% of unburnt sites in CF, LB, T1, 

and T2. In JF, WASR from the 0.25-0.5 mm fraction increased from 1.23 (2006) to 1.27 (2011), but did not 

reach the mean WASR for the same fraction (1.62). 


