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Introduction 
 
Wildfires degrade the vegetation cover that protects the soil from the rain´s 
aggressiveness and erosion processes. Fire consumes litter layer and small bushes, 
leading to important changes in vegetation and topsoil structures. Peak rainfall after fire, 
generates runoff, and less water is incorporated into the soil, resulting in reduced 
infiltration. 
Mediterranean soils under shrubland vegetation are often shallow and are located on 
slopes prone to erosion. In these conditions, the post-fire environment of the surface 
horizons is a determining factor in establishing the amount of mineral soil exposed to 
raindrop splash, overland flow, and the development of water repellent soil conditions. 
Physical and chemical changes in the upper soil horizons, induced by fires, greatly 
affect other properties influencing water infiltration. The combustion process also turns 
the litter and duff layers into ash and charcoal, which can seal soil pores and therefore 
decrease hydraulic conductivity and soil infiltration capacity (DeBano et al., 1998). 
Soil water infiltration in semi-arid areas is highly dependent on the dynamic soil 
characteristics such as organic matter, root systems, macropores, vegetation cover, soil 
crust formation, soil aggregation, soil water content (Bergkam and Cammeraat, 1996), 
soil texture, rock fragment size, percentage and geometry. The spatial and temporal 
variability of these soil properties are subjected to the discontinuous distribution of 
vegetation and the complex interactions between plant and soil surface. As a result, the 
plant environment influences soil surface properties and hence, soil water infiltration 
and redistribution. Thus, the characteristics of the surface horizons are determinant in 
the evolution of the soil water infiltration and, therefore, changes induced by fire on 
them are relevant to understand the variation of soil hydrological processes on burned 
slopes. 
 
Objectives 
 
The aim of this research is to apply the mini disk infiltrometer (MDI) methodology to 
quantify variations in soil hydrological parameters (infiltration rate and capacity, 
sorptivity and water repellence) under natural field conditions, after a repeated fire, and 
to consider the effect of the previous presence or absence of vegetation cover on the soil 
surface hydrological properties. 
 
Material and Methods 
 
The study was carried out in the Experimental Station of “La Concordia” (Valencia, 
Spain). It is located on a calcareous hillside facing SSE and composed of nine erosion 
plots (4 x 20 m). In 1995 experimental fires with three fire treatments (T1 high intensity 
fire, T2 moderate intensity, and T3 not burned) were carried out. In summer 2003, after 
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eight years of soil and vegetation recovery, fires of low intensity were again conducted 
on the plots already burned. 
Infiltration rates at minute 2 (MDI2), at minute 5 (MDI5), and at the steady-state 
(MDI20), infiltration capacities, sorptivity and water repellence (Robichaud et al., 
2008), were measured by the MDI method. The effects of vegetation cover were 
assessed by comparing the under canopy micro-environment (UC) and bare soil (BS), 
immediately before and after the fire experiments (n=72). 
 
Results and Conclusions 
 
The fire impact on UC and BS environments induces a decline in water infiltration and 
infiltration capacity. After the fire, on the UC site of T1 and T2, the MDI2 decrease 
almost in a half relative to the pre-fire levels (from 40 to 21 mm h-1 in T1 and from 45 
to 27 mmh-1 in T2). On the other hand, on the BS sites of the T1 and T2, the soil water 
infiltration was always higher than in the UC soil. The slight fire impact in these areas 
(BS) provoked a minor decrease in the water infiltration, one third, in the T1 and 
practically no change in the T2 (Table 1). This diminution in the MDI2 of the UC soil 
of T2, enlarged the differences between the rates reached in the microsites (UC and BS), 
being the UC microsite the most affected by fire. 
Table 1. Infiltration rate (mm h-1) measured at minute 2 (MDI2), 5 (MDI5) and 20 
(MDI20, steady-state), by means of minidisk infiltrometer method (MDI). BB and AB 
mean before and after the 2003 experimental fire, respectively. UC, under canopy and 
BS, bare soil. T1 and T2 are high and moderate fire intensity treatments, respectively. 
T3 is the control treatment. N=72. 
 

 Infiltration rate (mm h-1) 
 T1 T2 T3 

Study Period UC BS UC BS UC BS 
BB MDI 2 40.81 64.86 45.21 55.42 30.73 61.08 
AB MDI 2 21.93 40.61 27.71 53.78 30.73 61.08 

Ratio MDI 2 AB/BB 0.54 0.63 0.61 0.97 1.00 1.00 
BB MDI 5 28.01 44.58 33.25 38.79 24.53 44.08 
AB MDI 5 17.88 31.13 24.58 37.78 24.53 44.08 

Ratio MDI 5 AB/BB 0.64 0.70 0.74 0.97 1.00 1.00 
BB MDI 20 16.31 22.98 24.11 20.53 17.92 25.44 
AB MDI 20 12.32 22.09 19.02 23.99 17.92 25.44 

Ratio MDI 20 AB/BB 0.76 0.96 0.79 1.17 1.00 1.00 

 
 
 
 
 
 
 
 
 
 
 
 
The MDI5 confirmed the importance of the fire impact relative to the first stages of the 
water infiltration tests, especially in the T1. In this treatment (T1), the fire impact also 
influences the rates obtained in the BS sites, favouring a similar decrease in the MDI5 
on both microsites (Table 1). The post-fire differences on MDI5 between the UC and 
BS practically did not change in relation to the pre-fire levels. On the UC soil of T2, a 
similar trend was observed with a reduction, regarding pre-fire values, of almost a 25%. 
Meanwhile, on the burned BS of T2, there was not a decrease in the MDI5. In summary, 
the pass of fire increased the difference between the infiltration rates (MDI2 and MDI5) 
of both microsites (UC and BS), owing to the reduction in the infiltration rates obtained 
in the UC soil (Table 1). 
On the early stages of the infiltration tests, when the soil is in dry conditions, the 
sorptivity plays an important role in the water infiltration. The sorptivity is related to the 
hydraulic conductivity, and its values are maximum in dry soil conditions (Kutilek and 



Nielsen, 1994). Moody et al. (2009), describes that the soil sorptivity and the hydraulic 
conductivity are inversely linked with the degree of water repellence. For short time 
span after the beginning of infiltration, soil sorptivity controls it, meanwhile for longer 
time, the hydraulic conductivity limits infiltration. Data reflected a significant decrease 
in the MDI2 and MDI5 on the UC soils of T1 and T2 (Table 1), which is related to the 
reduction in the sorptivity on these sites (Table 2). On the other hand, Lewis et al. 
(2006) and Robichaud et al. (2008), describe the MDI as a useful tool to characterize the 
soil water repellence. They arbitrary selected a time interval of 1 minute between the 
minidisk contact with the soil surface and the measurement (mL) to characterize the soil 
water repellence. In our case, we selected the MDI2 as a measurement of the soil water 
repellence. In this way, Figure 1 draws the soil water repellence obtained by means of 
MDI test. The test done before the burnt, displayed the UC soil in the T1, as the more 
hydrophobic, with an average value of 11 mL of water infiltrated in the first two 
minutes. On the BS, a value of 16 mL in two minutes was obtained. Relative to the T2, 
similar trends were observed, with an average of 12 mL for the UC soil, and 15 mL for 
the BS one. 
Table 2. Sortivity (cm s-1/2) obtained by means of minidisk infiltrometer method (MDI). 
BB and AB mean before and after the 2003 experimental fire, respectively. UC, under 
canopy and BS, bare soil. T1 and T2 and are high and moderate fire intensity 
treatments, respectively. T3 is the control treatment. N=72. 
 

  Sorptivity (cm s-1/2) 

  T1 T2 T3 

Study period UC BS UC BS UC BS 
BB 0.091 0.143 0.075 0.106 0.046 0.139 
AB 0.032 0.065 0.028 0.103 0.046 0.139 

Rate 0.35 0.45 0.37 0.97 1.00 1.00 

 
 
 
 
 
 
 
 
The fire effects produced a decline on water infiltration. This reduction in the first two 
minutes of the tests could be due to the increase in the post-fire soil water repellence 
(Figure 1). After the fire, in the UC soil of T1 and T2, the volume of water infiltrated in 
the first two minutes, was almost the half of that obtained before the fire. Meanwhile, 
on the test on the BS, the reduction was by a 35 % in the T1 and by a 7 %, in the T2. 
On the control soil (T3), the results on the MDI2 and MDI5 of the tested microsites (UC 
and BS) are different (Table 1), being always highest the values on the non-vegetated 
spaces (BS). This fact could be attributed to the hydrophobic soil surface component of 
the vegetated patches when dry soil (Verheiten and Cammeraat, 2007), that decreases its 
persistence when the soil moisture increases (DeBano et al., 1998). At the MDI20, no 
influence of water repellence was found, with practically no differences between the 
infiltration rates obtained on the UC and bare soil (BS) (Table 1). 
The trials carried out on the control treatment confirmed the same trend than in the 
burned ones. The volume of water infiltrated into the first two minutes in the BS, was 
the double than that infiltrated in the UC soil (Figure 1). This result agrees with the 
sorptivity soil values, where reductions in the post-fire test were recorded. So, one 
factor implicated in the minor sorptivity on soil under the bush canopies (Table 2), 
could be the natural soil hydrophobic characteristics (Verheiten and Cammeraat, 2007). 
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Figure 1. Soil water repellence by means of MDI test. Volume (mL) means the water 
volume infiltrated in 2 minutes. T1 and T2, are the high and the moderate fire intensity 
treatment, and T3 is the control treatment (not burned). UC, soil under canopy, and BS, 
bare soil. BB, before the fire impact, and AB, after the fire impact. N=72. 
 
In summary, the results show that MDI is a valid tool to characterize infiltration rates, 
hydraulic conductivities and, also, soil water repellence on slopes in Mediterranean 
areas. The impact on the soil surface of a low intensity fire produced, in a short term, a 
decline in the infiltration capacity and, consequently, on soil water infiltration. Its 
effects were observed, mainly, on the first stages of the infiltration tests carried out on 
the UC soil. Subsequently, reductions on soil sorptivity and on infiltration capacity, and 
a rise in the soil surface hydrophobic characteristics, led to a decrease in the steady-state 
infiltration rates. On bare soil, the lack of burnt vegetation, the minor soil organic matter 
content and the high stoniness, produces a higher water infiltration rate, regarding UC 
soil, before the fire perturbation, after it and, in the two defined steps of the infiltration 
test (MDI2 and MDI5). 
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