
This is the peer reviewed version of the following article:  

 

Plaza-Álvarez P.A, Lucas-Borja M.E., Sagra J., Zema D.A., González-Romero J., Moya D., De 

las Heras J. 2019. Changes in soil hydraulic conductivity after prescribed fires in Mediterranean 

pine forests. Journal of Environmental Management (Elsevier), 232: 1021-1027,  

 

 

which has been published in final doi 

 

 10.1016/j.jenvman.2018.12.012.  

 

 

(https://www.sciencedirect.com/science/article/pii/S030147971831421X) 

 

The terms and conditions for the reuse of this version of the manuscript are specified in the 

publishing policy. For all terms of use and more information see the publisher's website 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

1 

 

Changes in soil hydraulic conductivity after prescribed fires in Mediterranean pine 1 

forests 2 

 3 

Plaza-Álvarez P.A.
1
*, Lucas-Borja M.E.

1
, Sagra J.

1
, Zema D.A.

2
., González-Romero J.

1
, 4 

Moya D.
1
, De las Heras J.

1 
5 

 6 

1
Escuela Técnica Superior Ingenieros Agrónomos y Montes, Universidad de Castilla-La 7 

Mancha. Campus Universitario, E- 02071, Albacete, Spain 8 

2
 Department AGRARIA, Mediterranean University of Reggio Calabria, Loc. Feo di Vito, I-9 

89122 Reggio Calabria, Italy 10 

 11 

*Corresponding author: Pedro.Plaza@uclm.es 12 

 13 

Abstract 14 

 15 

Prescribed fire removes or reduces the plant material that is prone to forest fires by creating 16 

fuel discontinuity and minimising fire intensity. This forest management tool potentially 17 

impacts Mediterranean ecosystems hydrological response by influencing water infiltration 18 

into soil. As direct measurements (e.g. by infiltrometers) of unsaturated infiltration in soil 19 

subjected to prescribed fires are scarce, this study has evaluated changes in soil hydraulic 20 

conductivity (SHC) using Minidisk infiltrometer after prescribed fires in representative plots 21 

of forests in the Iberian Peninsula under Mediterranean semi-arid conditions: (i) pure forest 22 

of Black pine Arnold ssp salzmannii; (ii) mixed forest of Maritime and Black pine; (iii) 23 

mixed forest of Aleppo and Maritime pine. The results have shown that fire reduced the 24 

organic layer thickness and its organic matter content. Consequently, after the prescribed fire 25 

the water content of burned plots was always lower than in untreated soils; conversely, the 26 

reverse soil behaviour was noticed before applying fire. Compared to the untreated soils, and 27 

with very few exceptions, prescribed fire did not cause significant changes in SHC. No 28 

general patterns in the comparisons between treatments (burned/unburned soils), in time 29 

evolution after fires and in the interactions between these effects were detected. This means 30 

that the SHC of burned soils followed the temporal variations of untreated soils. The lack of 31 

significance of these differences between treatments could be due to the low-fire severity and 32 

the limited effect of temperature in the mineral layer on soil hydraulic properties. This effect 33 
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was expected and agrees with other studies. Overall prescribed fires did not alter SHC in 34 

Mediterranean forest ecosystems under unsaturated conditions since fire was of low-severity. 35 

 36 

Keywords: Prescribed burning; soil infiltration; low-intensity fires; hydrologic properties; 37 

mini-disk infiltrometer.  38 

 39 

1. Introduction 40 

 41 

The use of prescribed fires is a tool commonly used to prevent the occurrence and impact of 42 

wildfire in Mediterranean forest ecosystems. Prescribed fires noticeably eliminate, or at least 43 

reduce, fuel for fire by creating discontinuity under trees in areas with little forest canopy. 44 

This helps minimise the danger of large fires, and thus acts as a defence in the forest areas 45 

potentially prone to wildfires (Ferreira et al., 2005; Finney et al., 2005). As prescribed fires 46 

tend to be of low-intensity, low-severity and patchy in nature, their effects depend on the type 47 

and amount of fuel load and soil moisture (Alcañiz et al., 2018). 48 

The viability of prescribed fires for land managers in charge of taking wildfire prevention 49 

measures is linked to competitive costs compared to alternative forest defence measures, such 50 

as mechanical or manual forest cleaning (Rodríguez y Silva, 2004). In spite of these 51 

economic advantages, often many ecological aspects of prescribed fires are not thoroughly 52 

considered, such as the possible changes induced in the biotic (e.g., soil micro-organisms and 53 

vegetation renovation) and abiotic (e.g., soil properties) components of forest ecosystems 54 

(Plaza-Álvarez et al., 2017; Sagra et al., 2017). The nutrient cycling of forests is relatively 55 

stable within short-term minimizes the loss of nutrients from these wildland systems in the 56 

absence of any major disturbance such as fire (Neary et al., 2005). Fire has been shown to 57 

affect the physico-chemical and biological properties of soil, as widely documented in the 58 

interesting and comprehensive reviews of Alcañiz et al. (2018)), Cawson et al. (2012), 59 

(Certini, 2005; DeBano, 2000; Neary et al., 1999)). Since our understanding of these effects 60 

is still limited, the number of studies examining prescribed fires and their effects on the soil 61 

has increased in recent years since their use in vegetation management has become more 62 

common for forest protection from wildfires or with his role in recovering natural pastures 63 

(Alcañiz et al., 2018).  64 

However, more research is needed to better understand and explain by a quantitative 65 

approach the potential impacts of prescribed fires on the hydrological response of soils 66 

subjected to the prescribed fires. For instance, a detailed description of the relationships 67 
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between the thermal regime during prescribed fire, measured in field experiments, and the 68 

hydrological parameters of the affected soils is necessary (Fernández et al., 2008). In 69 

particular, a detailed knowledge of the water infiltration capacity of soils is of fundamental 70 

importance in Mediterranean forest areas (Lucas-Borja et al., 2018). These areas are subject 71 

to frequent and intense rainstorms, which cause high-magnitude flash floods with strong 72 

erosion power with soil degradation risks (Bombino et al., 2009; Fortugno et al., 2017; Zema 73 

et al., 2014). Prescribed fires may aggravate these risks, whose control requires proper 74 

countermeasures, since a reduced infiltration increases overland flow, which, in its turn, 75 

generates a potential increase in erosion rates after fire (Robichaud and Waldrop, 1994).  76 

In Mediterranean areas, the effects of prescribed fires on soil hydrological parameters, 77 

erosion or water quality have been investigated mainly in the Iberian Peninsula (e.g., (Badía 78 

et al., 2017; Fernández et al., 2008; Úbeda et al., 2009; Vadilonga et al., 2008); Plaza-Álvarez 79 

et al. (2017) in Spain; Stoof et al. (2015) and Fonseca et al. (2017), in Portugal). However, 80 

the majority of these studies have evaluated the changes in soil hydraulic conductivity due to 81 

prescribed fires using indirect measures (e.g., by evaluating infiltration as the difference 82 

between precipitation and runoff after rainfall simulations; Fernández et al., 2008; Vadilonga 83 

et al., 2008) rather than by direct and local infiltration measures. Direct measurements have 84 

instead been taken in other environmental contexts (e.g., Robichaud (2000a), in Montana and 85 

Idaho, USA; Kennard and Gholz (2001b), in Bolivia; Savadogo et al. (2007), in Burkina 86 

Faso, West Africa), where however the precipitation patterns and amounts as well as the soil 87 

hydrological properties differ from those of Mediterranean areas. Such studies have generally 88 

shown lower soil infiltration rates after prescribed fires. 89 

To bridge this gap, the present study evaluates the effects of prescribed fires on soil 90 

infiltration by direct measurements in the most representative forests of the Iberian Peninsula 91 

under Mediterranean semi-arid conditions. To this end, the changes in the soil parameters that 92 

influence water infiltration and hydraulic conductivity were measured at the plot scale 93 

throughout one year after forest litter cleaning by prescribed fire in three common pine 94 

forests of central Spain (Aleppo, Maritime and Black pine). These field campaigns should 95 

confirm or reject the working hypothesis of this study that prescribed fires decrease 96 

infiltration rate thereby increasing surface runoff rates in forest soil. If such hypothesis is 97 

rejected, the study could demonstrate that low-severity fires do not significantly alter soil 98 

hydrology of Mediterranean forests; therefore, the related result is important to support 99 

decision making to reduce the most dangerous hydrological effects of fire in forest 100 

ecosystems. 101 
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 102 

2. Materials and Methods 103 

 104 

2.1. Study areas 105 

 106 

The study areas were described in (Plaza-Álvarez et al., 2018; Plaza-Álvarez et al., 2017). 107 

These correspond to 3 pine forests more common in Spain: (i) pure stand of Pinus nigra 108 

Arnold ssp salzmannii ("PN") located in Beteta (province of Cuenca); (ii) mix stand of Pinus 109 

pinaster Aiton with Pinus nigra Arnold ssp salzmannii ("PPPN") located in El Pozuelo 110 

(province of Cuenca); (iii) mix stand of Pinus halepensis Miller with Pinus pinaster Aiton 111 

("PHPP") located in Lezuza (province of Albacete) (Table 1).  112 

Table 1 113 

These three areas have continental Mediterranean climate of which PN is the more humid 114 

zone with mean annual precipitation around 650 mm and organic layer with 14,0±6,1 cm 115 

depth, followed by PPPN (mean annual precipitation between 550-600 mm and organic layer 116 

depth 9,1±4,0 cm); PHPP is the most dry and hot (the mean annual precipitation is  around 117 

450mm) and with poorer soils (with organic layer depth of 4,1±2,2 cm). 118 

In these forest zones, the fuel model was “TU1 according to the classification of Scott and 119 

Burgan (2005). The understorey was formed by little trees of Quercus faginea Lam. and 120 

Quercus ilex subsp. ballota (Desf.) and shrub of Quercus coccifera L., Juniperus oxycedrus 121 

L., Thymus sp. and Rosmarinus officinalis L in PHPP, and in PPPN there are Quercus faginea 122 

Lam. and shrub primarily of Cistus laurifolius L. acompained of Rosa canina L., Prunus 123 

spinosa L., Crataegus monogyna Jacq., Juniperus oxycedrus L. and. Lavandula spp. In PN 124 

the understorey was Genista scorpius L., Arctostaphylos uva-ursi L., Juniperus communis L., 125 

Rosa canina L., Amelanchier ovalis Medik. and Lavandula spp. The tree density was 126 

595±141, 667±125 and 1281±256 to PHPP, PPPN and PN respectively. The mean slope was 127 

less 13 % in all plot of the three study areas. Soil texture (0-5 cm) is clay in PHPP and PN 128 

(mainly alkaline) and loamy-sand in PPPN (with a neutral pH). 129 

 130 

2.2. Experimental design  131 

 132 

Six experimental plots were established at each study site. Three plots were subjected to 133 

prescribed fire treatment and the remaining three (not burned) were taken as control. 134 
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Therefore, nine burned plots and nine untreated (control) plots (3 study areas x 3 135 

treated/untreated plots) were available.  136 

The Regional Forest Service of Castilla-La Mancha, which is appointed with the management 137 

of forest areas, applied the prescribed fires in spring 2016. Prescribed fires were carried out 138 

manually. Fire lines, separated one from another by a space of 1 metre, were established 139 

perpendicularly to the wind direction and in the opposite direction. The objective of the fire 140 

was to burn leaves and bushes without affecting trees. The small space between burning lines 141 

means that fire intensities were not high. Each experimental plot was 50 metres by 50 metres. 142 

Of this total area (2500 m
2
), only a strip of 30 x 30 m was sampled to avoid the edge effect on 143 

the burned plots. At each study site, plots were selected and established after a preliminary 144 

characterisation (slope, exposure, vegetal characteristics of trees, shrub and herbaceous 145 

layers), and the main soil physico-chemical properties were measured. This characterisation 146 

ensured homogeneous plots for the subsequent temporal analysis of the soil hydraulic 147 

conductivity (SHC).  148 

 149 

2.3. Soil sampling and laboratory analysis 150 

 151 

The main topsoil properties (0-5 cm) were determined on six samples per plot two days 152 

before the prescribed fire, again seven days after and also 1 year after the prescribed fire. A 153 

total of 324 soil samples (6 samples × 6 plots × 3 study areas x 3 dates) were collected. In the 154 

same samples, pH (by a potentiometric sensor on the 1:5 soil water sample), OM (by Walkley 155 

and Black method, 1934) and texture (by the densimetric method of Bouyoucos, 1927, 156 

described by Gee and Bauderi, 1986) were determined (Table 2).  157 

 158 

2.4. Fire temperature measurements   159 

 160 

The temperatures during the prescribed fire were measured. Thermocouples that took 161 

continuous measurements were placed on the ground. Six datalogger HOBO UX120 4-162 

channel Analog Loggers (Onset HOBO, Massachusetts, USA) were used. All the outlets had 163 

a thermocouple, of which three were placed on the ground. One of them was placed in the 164 

OM layer, another on the soil surface and another was buried in mineral soil at a depth of 2 165 

cm. In this way it was intended to see how heat was transferred in soil. 166 

The maximum soil temperatures induced by prescribed fires were very different at the topsoil 167 

for the three experimental sites (160ºC at PHPP, 264ºC at PPPN and 361ºC at PN). The 168 
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maximum soil temperatures were below 50ºC in the mineral soil layer (43ºC at PHPP, 35ºC 169 

at PPPN and 37ºC at PN), whereas the temperature at the 5-cm soil depth for the three 170 

experimental areas barely increased (1ºC), as shown in more details by Plaza-Álvarez et al. 171 

(2017). 172 

 173 

2.5. Soil temperature, water content and hydraulic conductivity measurements 174 

 175 

Soil temperature (ST) and soil water content (SWC) were continuously measured at a depth 176 

of 1-2 cm in the mineral soil during the 1-year monitoring, data can be viewed in Plaza-177 

Álvarez et al. (2018); sensors were removed during the prescribed fire and relocated to the 178 

same place upon cooling down soil after prescribed fire. To measure SWC, a sensor 179 

"Vegetronix VG400" was used, while a TMC20-HD temperature sensor measured ST. Six 180 

sensors per plot were placed (three temperature sensors and three moisture sensors), which 181 

were connected to a datalogger (UX120 4-channel Analog Logger, Onset HOBO, 182 

Massachusetts, USA).  183 

 184 

SHC was measured in both plot types (burned and control) by the Mini-Disk Infiltrometer 185 

(MDI, Decagon Devices, Inc. Pullman, W.A., 2016), commonly used for field measurements, 186 

given its small size and easy handling (Robichaud et al., 2008). MDI measurements were 187 

taken following the procedures suggested in the MDI technical manual and by Robichaud et 188 

al. (2008). The technical manual also reports the components and modalities for using the 189 

device. 190 

In each experimental plot, litter layer was removed by a small shovel on the soil surface and a 191 

cut was made at a depth of 1-2 cm to leave a horizontal and smooth surface to place the MDI. 192 

The volume of water infiltrated in the MDI was recorded every 30 seconds for no less than 10 193 

minutes.  194 

The soil infiltration rates were estimated from the measurements taken by the MDI records, 195 

adopting equations (1) and (2) proposed by (Zhang, 1997). Firstly, the measured cumulative 196 

infiltration values (I, [m]) were fitted against the measurement intervals (t, [s]) by equation 197 

(1): 198 

 199 

tCtCI 21             (1) 200 

 201 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

7 

 

and the coefficients C1 [m s
-1

] and C2 [m s 
-1/2

] were thus estimated by interpolation. 202 

Coefficient C1 is related to soil hydraulic conductivity, and C2 is its absorption capacity 203 

(Decagon Devices, Inc. Pullman, W.A., 2016). Then the SHC (k, [mm h
-1

]) was calculated by 204 

the following equation: 205 

 206 

A

C
k 1             (2) 207 

 208 

Where, coefficient A is a value relating to the Van Genuchten parameters (n and ) for a 209 

certain soil type to the suction rate (h0) and the infiltrometer disk radius (2.25 cm). According 210 

to n,  and h0 (this latter assumed in this study to be equal to -2 cm) values for the 211 

experimental soils, the following values of A were taken (Decagon Devices, Inc. Pullman, 212 

W.A., 2016): (i) 4.1 for the clay soil at PHPP and PN; (ii) 2.8 for the loamy-sand soil at 213 

PPPN. 214 

 215 

2.6. Statistical analysis 216 

 217 

A two-way ANOVA was applied to evaluate the statistical significance of the changes in 218 

SHC after prescribed fire at each study site, assuming as factors: (i) time (days after fire, 219 

"DAF"); (ii) treatment (prescribed fire; or no treatment).  220 

All the plots were considered spatially independent in all cases. An independent Fisher's 221 

minimum significant difference test (LSD) was used for the post hoc analysis comparisons. A 222 

p < 0.05 level of significance was adopted. The statistical analysis was performed by version 223 

3.2.4 of the R Project for Statistical Computing. 224 

 225 

3. Results 226 

 227 

About soil texture, noticeable and significant increases in clay content (+15.3%) and 228 

decreases in sand (-20.2%) and loam (-34.8%) fractions took place after fire at the PN stand, 229 

although these values were returned to previous values to burning in the second soil sampling 230 

(1 year later). The other soils experienced slight and not significant texture changes (Table 2). 231 

The organic layer depth dropped significantly just after the prescribed fire (by 4, 3 and 2 cm, 232 

in stands PN, PPPN and PHPP, respectively), but, it was increased 1 year after the fire by the 233 
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accumulation of litter. Soil pH was slightly increased, but without any significant difference, 234 

this data can be viewed in Table 2. 235 

 236 

Regard to the OM of soils, before the prescribed fire, the PN stands showed the highest value 237 

(18.0±3.6%), PPPN had OM of 8.6±2.3%, while the lowest value (4.3±1.3%) was measured 238 

at PHPP. As expected, the treatment by prescribed fire reduced slightly the OM of soil but 239 

without statistical significance, with OM values after the prescribed fire of 16.3±3.4% (PN), 240 

6.1±2.0% (PPPN) and 3.9±1.3% (PHPP) (Table 2). One year after the prescribed fire, in 241 

burned plots the OM values were similar to just after fire values.  242 

 243 

The values of SHC measured before the prescribed fire did not show any significant 244 

difference among the plots of each study area. This revealed a common starting point to 245 

compare the effects of the fire treatment on this soil hydrological property. SHC was 246 

generally higher in the clayey soils (on average 10.1 and 13.7 mm h
-1

 at PN and PHPP, 247 

respectively) compared to the loamy-sand soil (6.0 mm h
-1

 in PPPN). 248 

 249 

The ANOVA applied to the effects of treatments (prescribed fire or no treatment), the time 250 

elapsed after fire and their interactions on SHC showed that: (i) the prescribed fire 251 

significantly affected the soil hydraulic conductivity only in the PN forest stand; (ii) the effect 252 

of time elapsed after fire was significant at sites PPPN and PHPP; (iii) in these latter forest 253 

types, the treatment-DAF interaction on SHC was not significant, whereas the opposite was 254 

observed in the PN plots (Table 3).  255 

 256 

Table 3 257 

 258 

At two experimental sites (PN and PPPN) SHC remained almost constant throughout the 259 

observation period. Instead, a sudden increase (49.1 mm h
-1

, compared to SHC measured 260 

immediately before or after the fire, equal to 10.0 and 6.36 mm h
-1

) was noticed in summer - 261 

43 days after fire - for the plots covered by PHPP; subsequently, the natural SHC was 262 

recovered (Figure 1). 263 

 264 

Figure 1  265 

 266 
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The comparison between the two treatments (prescribed fire versus control plots) highlighted 267 

no significant differences in SHC few days after fire, with two exceptions: (i) on day 33 after 268 

the fire in the PN forest stand; (ii) at the PHPP site 10 days after burning (Figure 1). In these 269 

situations, SHC of the site subjected to prescribed fire was 80% lower (PN) and even 112% 270 

(PHPP) higher than the values measured in the control plots.  271 

 272 

4. Discussions 273 

 274 

4.2. Effects of fire on soil physico-chemical properties  275 

 276 

This study showed that, compared to pre-fire conditions, soil texture was not significantly 277 

modified by prescribed fire in our forest stands, except for the clay content, which noticeably 278 

increased in the PN stand, but returned to normal values in the next sampling so this 279 

difference could be due the random chance sampling after fire since particle-size distribution 280 

of soil is not directly affected by fires at lower intensity (Oswald et al., 1998), as found in the 281 

other forest stands (PPPN and PHPP) of this study. The slight decrease in the clay fraction 282 

surveyed in the PPPN stand - although not significant - is in accordance with the findings of 283 

(Díaz-Raviña et al., 2012) and other authors, who reported how fire passage may change 284 

particle size distribution, such as an increased sand fraction accompanied by reduced clay and 285 

silt fractions. 286 

Changes in soil pH were not significant. These results comply with the findings of Marcos et 287 

al. (2009), who, on occasion of a low-intensity prescribed fire of heath lands in three acid 288 

soils (pH = 4.3) in the Cantabrian mountains (NW Spain), did not observe any significant 289 

differences of pH between burned and control soils (0-5 cm soil thickness), in spite of the 290 

basicity (pH of 8.5-9.5) of the ashes covering mineral soil (Badía et al., 2017).  291 

Also, other authors found that the pH values remain unaltered after fire (Alcañiz et al., 2016; 292 

Lavoie et al., 2010; Meira-Castro et al., 2015; Switzer et al., 2012; Valkó et al., 2016). 293 

Normally, the burn events that did not change pH values were low-intensity and severity 294 

prescribed fires applied periodically (every 2 years or more) or single treatments carried out 295 

once rather than annually (Alcañiz et al., 2018).  However, increases in pH are common after 296 

fire (Arocena and Opio, 2003; Granged et al., 2011; Neill et al., 2007; Scharenbroch et al., 297 

2012; Switzer et al., 2012; Úbeda et al., 2005). These increases in pH, reported in both field 298 

(e.g. Giovannini (1994)) and laboratory experiments (e.g. Fernández et al. (1997)), have been 299 

attributed to the complete OM oxidation during fire, to the release of cations in all fire types 300 
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(Fisher and Binkley, 2000), to OH losses (Arocena and Opio, 2003; Certini, 2005) and to the 301 

presence of carbonates, base cations and oxides in the ash formed and deposited in soil during 302 

fire (Ekinci, 2006). 303 

Our prescribed fires altered other soil characteristics, particularly organic layer thickness (by 304 

-40% on average) and OM content (by -16% on average), presumably due to litter burned 305 

during the prescribed fire. However, the OM changes in the soil (0-2 cm) were not significant 306 

compared to the unburned soils.  307 

A reduced organic layer thickness has also been found after prescribed fire also by Fernández 308 

et al. (2008). The most intuitive change that soils undergo during burning is loss of OM 309 

(Certini, 2005). Depending on fire severity, the impact on OM consists in slight distillation 310 

(volatilisation of minor constituents), charring or complete oxidation. Substantial OM 311 

consumption begins within the 200–250 °C range and is completed at around 460 °C 312 

(Giovannini et al., 1988), while partial OM consumption occurs at 200–250 °C and complete 313 

consumption at 460 °C (Certini, 2005). 314 

In the burned plots, the maximum temperatures recorded on the mineral soil surface during 315 

burning had to be high enough to start either destroying mineral soil OM or fine roots or 316 

enhancing hydrophobic layer formation (DeBano, 1981; DeBano et al., 1998; Giovannini et 317 

al., 1990). However, the fact that heat barely penetrated soil and the lack of significant 318 

differences in soil bulk density suggest that these changes, if occurred, are probably minor.  319 

 320 

4.3. Effects of fire on soil hydrological properties 321 

 322 

Soil moisture affects the soil infiltration rate and its propensity to reduce the soil hydrological 323 

response (Keizer et al., 2008; MacDonald and Huffman, 2004). The comparison of SHC 324 

surveyed during the 1-year monitoring period both in the unburned and burned plots do not 325 

show that the prescribed fire induced significant changes in soil hydrological properties, 326 

except in PN where the prescribed fire treatment showed significant differences. Few weeks 327 

after fire at the two clayey sites (PN and PHPP) the SHC was different from the control zone. 328 

In one case (PHPP site), the burned soil showed a higher SHC than the control soil (Figure 329 

1). These occasional differences should be attributed mostly to the natural variability of soil 330 

hydraulic properties rather than to a direct influence of fire effects, since, the SWC of the 331 

burned plots was less than in the control plots in all study zones (Plaza-Álvarez et al. al., 332 

2018) but was not correlated with SHC because in the case of PN 5 DAF when SWC was 333 

significantly lower than in the control area, SHC was lower than in the control area, but not 334 
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significantly, and in PHPP 10 DAF SWC was significantly lower than in the control zone 335 

while SHC was significantly higher in the burned area than in the control zone. 336 

 337 

The increase in SHC recorded in the clayey soil at PHPP in early summer may be due to the 338 

effects of the soil micro-cracks surveyed at the site and to soil particle aggregation 339 

(generating macro-voids into the surface), which could have increased the water infiltration 340 

into the soil surface (Figure 1). It is well-known that soil aggregates can be formed, 341 

disintegrated and re-added depending on the environmental conditions (Hillel, 1998), it is 342 

also known that the superficial hydrophobicity of the soil could contribute to the stability of 343 

the soil below the surface since, according to (Sullivan, 1990), hydrophobicity slows down 344 

the wetting process and therefore stabilizes the deeper aggregates. Thus, the increase of 345 

superficial soil hydrophobicity in summer (Plaza-Álvarez et al., 2018) in these areas could 346 

have maintained the aggregation of clays facilitating water being infiltrated into soil. The 347 

higher organic layer thickness and OM values of the soil at PN stand may have avoided 348 

cracking of this clayey soil and reduced water infiltration. 349 

 350 

The similarity in the hydrological behaviour of soils affected by prescribed fires and the 351 

untreated ones was confirmed by the contrasting results in the analysis of the effects of 352 

treatments, time elapsed after the fire and their interactions on SHC. Indeed, prescribed fire 353 

significantly changed SHC (also synergically with time, as the significant interaction effect 354 

shows) in the PN forest stand (clayey soil), (Table 3). These contrasting results about changes 355 

in SHC between the soils subjected to prescribed fires or unburned soils somewhat reflects 356 

those reported by many authors. Some researchers have shown minimal effects on infiltration 357 

rates of bare soil subjected to low-intensity fire, but reduced SWC (González‐Pelayo et al., 358 

2010). Cawson et al. (2012), when analysing the actions of prescribed fire on surface runoff 359 

and erosion as water infiltration effects, evidenced that a high proportion of studies report 360 

that the impacts of fires are minimal. For instance, (Robichaud, 2000b) in areas subjected to a 361 

low-severity burn of Montana and Idaho (USA) found constant runoff rates, which, in turn, 362 

indicates constant SHC values despite variations among plots. In the same environmental 363 

context, the within-year variability in the infiltration between the burned and unburned 364 

conditions across sites of Idaho (USA) was minimal, but the between-year variability in 365 

infiltration was significant (Pierson et al., 2008). Vadilonga et al. (2008) in Catalonia (East 366 

Spain) and Fernández et al. (2008) in Galicia (North Spain) detected minor and non-367 
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significant changes in the infiltration of the soils subjected to low-intensity fires, such as 368 

prescribed fires. Lack of fire effects on soil OM and saturated conductivity can be explained 369 

by the soil temperatures not being high enough to alter these soil properties (Stoof et al., 370 

2015). 371 

As regards SHC variability in time, our findings at the PPPN and PHPP sites contrast with 372 

the majority of literature experiences, which report that the hydraulic conductivity of burned 373 

soil worsens immediately after fire (e.g. due to some negative effects, such as increased soil 374 

water repellence, reduced soil aggregate stability, or burning OM, Prats et al., 2016; Santana 375 

et al., 2014; Shakesby, 2011). For instance, (Robichaud et al., 2008; Robichaud et al., 2013), 376 

using MDI, found low immediate post-fire infiltration rates, but higher values for this 377 

hydrological parameter one year after the wildfire on a loamy soil. The reduced water 378 

infiltration capacity immediately after fire compared with the pre-fire situation has also been 379 

attributed to the soil hydrophobicity generated by lipid compounds released from burned 380 

plant material, whose persistence in soil is variable depending on fire severity and the 381 

environmental conditions after fire (Are et al., 2009; Hubbert et al., 2006; Imeson et al., 382 

1992; Woods and Balfour, 2010). Therefore, these Authors suggest to conduct controlled 383 

burns during drier soil conditions. 384 

 385 

5. Conclusions 386 

 387 

In order to evaluate whether, and by what degree, soil hydrological properties are affected by 388 

low-intensity fires, unsaturated hydraulic conductivity of soils subjected or not to prescribed 389 

fires was monitored over a 1-year period in three pine forests (Pinus halepensis, Pinus 390 

pinaster and Pinus nigra), these being the most representative forests in the Iberian 391 

Peninsula.  392 

The prescribed fires were of low intensity with mean temperatures between 160 and 361 ºC. 393 

Fire reduced the organic layer thickness but no the organic matter of soil. Compared to the 394 

untreated soils, the prescribed fire did not significantly modify soil hydraulic conductivity, 395 

with a few exceptions. No general patterns of soil hydraulic conductivity between treatments 396 

(burned/unburned soils), with time elapsed after fires and with interactions between these 397 

factors were detected, which means that the hydraulic conductivity of burned soils follows 398 

the temporal variations of untreated soils. The lack of significance of these differences could 399 

be due to low-fire intensity. This effect was expected and is also reported in other studies.  400 
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Overall, our this research demonstrates that prescribed fires do not alter soil hydrological 401 

properties (in particular the unsaturated soil hydraulic conductivity) in Mediterranean forest 402 

ecosystems, provided that a low-intensity fire is applied. This study provides a better 403 

understanding of the changes in hydrological characteristics caused by different fuel 404 

management techniques, which is important to help land managers make the best choices to 405 

reduce fire hazards in hydrological consequences terms (also in view of facing the effects in 406 

future climate change scenarios, which forecast increased precipitation erosivity). 407 

 408 

Acknowledgments 409 

 410 

We wish to thank the Regional Government of Castilla-La Mancha (Junta de Comunidades 411 

de Castilla-La Mancha) for carrying out the prescribed fires, Javier Madrigal Olmo, Maria 412 

Teresa Fontúrbel Lliteras and Enrique Jiménez Carmona for providing data for the study area 413 

characterisation, and Helen Warburton for the language review. This study was supported by 414 

funds provided by the University Castilla-La Mancha to the Forest Ecology Research Group 415 

and the Spanish Institute for Agricultural and Food Research and Technology (INIA) for the 416 

funding awarded through National Research Projects GEPRIF (RTA2014-00011-C06). 417 

We finally thank the Guest Editor, Prof. Paulo Pereira, and two anonymous reviewers for 418 

their suggestions, which really help to improve the paper. 419 

 420 

 421 

 422 

References 423 

 424 

Alcañiz, M., Outeiro, L., Francos, M., Farguell, J., Úbeda, X., 2016. Long-term dynamics of 425 

soil chemical properties after a prescribed fire in a Mediterranean forest (Montgrí Massif, 426 

Catalonia, Spain). Science of the Total Environment 572, 1329-1335. 427 

Alcañiz, M., Outeiro, L., Francos, M., Úbeda, X., 2018. Effects of prescribed fires on soil 428 

properties: A review. Science of The Total Environment 613-614, 944-957. 429 

Are, K.S., Oluwatosin, G.A., Adeyolanu, O.D., Oke, A.O., 2009. Slash and burn effect on 430 

soil quality of an Alfisol: Soil physical properties. Soil and Tillage Research 103, 4-10. 431 

Arocena, J., Opio, C., 2003. Prescribed fire-induced changes in properties of sub-boreal 432 

forest soils. Geoderma 113, 1-16. 433 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

14 

 

Badía, D., López-García, S., Martí, C., Ortíz-Perpiñá, O., Girona-García, A., Casanova-434 

Gascón, J., 2017. Burn effects on soil properties associated to heat transfer under contrasting 435 

moisture content. Science of The Total Environment 601, 1119-1128. 436 

Bombino, G., Gurnell, A., Tamburino, V., Zema, D., Zimbone, S., 2009. Adjustments in 437 

channel form, sediment calibre and vegetation around check‐ dams in the headwater reaches 438 

of mountain torrents, Calabria, Italy. Earth Surface Processes and Landforms 34, 1011-1021. 439 

Cawson, J., Sheridan, G., Smith, H., Lane, P.N.J., 2012. Surface runoff and erosion after 440 

prescribed burning and the effect of different fire regimes in forests and shrublands: A 441 

review. 442 

Certini, G., 2005. Effects of fire on properties of forest soils: a review. Oecologia 143, 1-10. 443 

DeBano, L.F., 1981. Water repellent soils: a state-of-the-art. US Department of Agriculture, 444 

Forest Service, Pacific Southwest Forest and Range Experiment Station Berkeley, CA, USA. 445 

DeBano, L.F., 2000. The role of fire and soil heating on water repellency in wildland 446 

environments: a review. Journal of Hydrology 231-232, 195-206. 447 

DeBano, L.F., Neary, D.G., Ffolliott, P.F., 1998. Fire effects on ecosystems. John Wiley & 448 

Sons. 449 

Díaz-Raviña, M., Martín, A., Barreiro, A., Lombao, A., Iglesias, L., Díaz-Fierros, F., 450 

Carballas, T., 2012. Mulching and seeding treatments for post-fire soil stabilisation in NW 451 

Spain: short-term effects and effectiveness. Geoderma 191, 31-39. 452 

Ekinci, H., 2006. Effect of forest fire on some physical, chemical and biological properties of 453 

soil in Çanakkale, Turkey. International Journal of Agriculture and Biology 8, 102-106. 454 

Fernández, C., Vega, J., Fonturbel, T., Jiménez, E., Pérez, J., 2008. Immediate effects of 455 

prescribed burning, chopping and clearing on runoff, infiltration and erosion in a shrubland 456 

area in Galicia (NW Spain). Land degradation & development 19, 502-515. 457 

Fernández, I., Cabaneiro, A., Carballas, T., 1997. Organic matter changes immediately after a 458 

wildfire in an Atlantic forest soil and comparison with laboratory soil heating. Soil Biology 459 

and Biochemistry 29, 1-11. 460 

Ferreira, A.J.D., Coelho, C.O.A., Boulet, A.K., Lopes, F.P., 2005. Temporal patterns of 461 

solute loss following wildfires in Central Portugal. International Journal of Wildland Fire 14, 462 

401-412. 463 

Finney, M.A., McHugh, C.W., Grenfell, I.C., 2005. Stand- and landscape-level effects of 464 

prescribed burning on two Arizona wildfires. Canadian Journal of Forest Research 35, 1714-465 

1722. 466 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

15 

 

Fisher, R., Binkley, D., 2000. Ecology and management of forest soils. John Wiley & Sons, 467 

New York. Ecology and management of forest soils. 3rd ed. John Wiley & Sons, New York., 468 

-. 469 

Fonseca, F., de Figueiredo, T., Nogueira, C., Queirós, A., 2017. Effect of prescribed fire on 470 

soil properties and soil erosion in a Mediterranean mountain area. Geoderma 307, 172-180. 471 

Fortugno, D., Boix‐ Fayos, C., Bombino, G., Denisi, P., Rubio, J.M.Q., Tamburino, V., 472 

Zema, D.A., 2017. Adjustments in channel morphology due to land‐ use changes and check 473 

dam installation in mountain torrents of Calabria sSouthern Italy. Earth Surface Processes 474 

and Landforms. 475 

Giovannini, G., 1994. The effect of fire on soil quality. Soil erosion as a consequence of 476 

forest fires. Geoforma Ediciones, Logroño, 15-27. 477 

Giovannini, G., Lucchesi, S., Giachetti, M., 1988. Effect of heating on some physical and 478 

chemical parameters related to soil aggregation and erodibility. Soil Science 146, 255-261. 479 

Giovannini, G., Lucchesi, S., Giachetti, M., 1990. Beneficial and detrimental effects of 480 

heating on soil quality. Fire in Ecosystem Dynamics. SPB Academic Publishing, The Hague, 481 

95-102. 482 

González‐ Pelayo, O., Andreu, V., Gimeno‐ García, E., Campo, J., Rubio, J., 2010. Effects 483 

of fire and vegetation cover on hydrological characteristics of a Mediterranean shrubland soil. 484 

Hydrological processes 24, 1504-1513. 485 

Granged, A.J., Jordán, A., Zavala, L.M., Muñoz-Rojas, M., Mataix-Solera, J., 2011. Short-486 

term effects of experimental fire for a soil under eucalyptus forest (SE Australia). Geoderma 487 

167, 125-134. 488 

Hillel, D., 1998. Environmental soil physics: Fundamentals, applications, and environmental 489 

considerations. Elsevier. 490 

Hubbert, K., Preisler, H., Wohlgemuth, P., Graham, R., Narog, M., 2006. Prescribed burning 491 

effects on soil physical properties and soil water repellency in a steep chaparral watershed, 492 

southern California, USA. Geoderma 130, 284-298. 493 

Imeson, A., Verstraten, J., Van Mulligen, E., Sevink, J., 1992. The effects of fire and water 494 

repellency on infiltration and runoff under Mediterranean type forest. Catena 19, 345-361. 495 

Keizer, J., Doerr, S., Malvar, M., Prats, S., Ferreira, R., Oñate, M., Coelho, C., Ferreira, A., 496 

2008. Temporal variation in topsoil water repellency in two recently burnt eucalypt stands in 497 

north-central Portugal. Catena 74, 192-204. 498 

Kennard, D.K., Gholz, H., 2001a. Effects of high-and low-intensity fires on soil properties 499 

and plant growth in a Bolivian dry forest. Plant and Soil 234, 119-129. 500 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

16 

 

Kennard, D.K., Gholz, H.L., 2001b. Effects of high- and low-intensity fires on soil properties 501 

and plant growth in a Bolivian dry forest. Plant and Soil 234, 119-129. 502 

Lavoie, M., Starr, G., Mack, M., Martin, T., Gholz, H., 2010. Effects of a prescribed fire on 503 

understory vegetation, carbon pools, and soil nutrients in a longleaf pine-slash pine forest in 504 

Florida. Natural Areas Journal 30, 82-94. 505 

Lucas-Borja, M.E., Zema, D.A., Carrà, B.G., Cerdà, A., Plaza-Alvarez, P.A., Cózar, J.S., 506 

Gonzalez-Romero, J., Moya, D., de las Heras, J., 2018. Short-term changes in infiltration 507 

between straw mulched and non-mulched soils after wildfire in Mediterranean forest 508 

ecosystems. Ecological Engineering 122, 27-31. 509 

MacDonald, L.H., Huffman, E.L., 2004. Post-fire soil water repellency. Soil Science Society 510 

of America Journal 68, 1729-1734. 511 

Marcos, E., Villalón, C., Calvo, L., Luis-Calabuig, E., 2009. Short-term effects of 512 

experimental burning on soil nutrients in the Cantabrian heathlands. ecological engineering 513 

35, 820-828. 514 

Meira-Castro, A., Shakesby, R., Marques, J.E., Doerr, S., Meixedo, J.P., Teixeira, J., 515 

Chaminé, H.I., 2015. Effects of prescribed fire on surface soil in a Pinus pinaster plantation, 516 

northern Portugal. Environmental Earth Sciences 73, 3011-3018. 517 

Neary, D.G., Klopatek, C.C., DeBano, L.F., Ffolliott, P.F., 1999. Fire effects on belowground 518 

sustainability: a review and synthesis. Forest Ecology and Management 122, 51-71. 519 

Neary, D.G., Ryan, K.C., DeBano, L.F., 2005. Wildland fire in ecosystems: effects of fire on 520 

soils and water. Gen. Tech. Rep. RMRS-GTR-42-vol. 4. Ogden, UT: US Department of 521 

Agriculture, Forest Service, Rocky Mountain Research Station. 250 p. 42. 522 

Neill, C., Patterson III, W.A., Crary Jr, D.W., 2007. Responses of soil carbon, nitrogen and 523 

cations to the frequency and seasonality of prescribed burning in a Cape Cod oak-pine forest. 524 

Forest Ecology and Management 250, 234-243. 525 

Oswald, B.P., Davenport, D., Neuenschwander, L.F., 1998. Effects of slash pile burning on 526 

the physical and chemical soil properties of Vassar soils. Journal of Sustainable Forestry 8, 527 

75-86. 528 

Pierson, F., Robichaud, P., Moffet, C., Spaeth, K., Williams, C., Hardegree, S., Clark, P., 529 

2008. Soil water repellency and infiltration in coarse-textured soils of burned and unburned 530 

sagebrush ecosystems. Catena 74, 98-108. 531 

Plaza-Álvarez, P.A., Lucas-Borja, M.E., Sagra, J., Moya, D., Alfaro-Sánchez, R., González-532 

Romero, J., De las Heras, J., 2018. Changes in soil water repellency after prescribed burnings 533 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

17 

 

in three different Mediterranean forest ecosystems. Science of The Total Environment 644, 534 

247-255. 535 

Plaza-Álvarez, P.A., Lucas-Borja, M.E., Sagra, J., Moya, D., Fontúrbel, T., de las Heras, J., 536 

2017. Soil Respiration Changes after Prescribed Fires in Spanish Black Pine (Pinus nigra 537 

Arn. ssp. salzmannii) Monospecific and Mixed Forest Stands. Forests 8, 248. 538 

Robichaud, P., Wagenbrenner, J., Brown, R., Wohlgemuth, P., Beyers, J., 2008. Evaluating 539 

the effectiveness of contour-felled log erosion barriers as a post-fire runoff and erosion 540 

mitigation treatment in the western United States. International Journal of Wildland Fire 17, 541 

255-273. 542 

Robichaud, P., Waldrop, T.A., 1994. A COMPARISON OF SURFACE RUNOFF AND 543 

SEDIMENT YIELDS FROM LOW‐ AND HIGH‐ SEVERITY SITE PREPARATION 544 

BURNS. JAWRA Journal of the American Water Resources Association 30, 27-34. 545 

Robichaud, P.R., 2000a. Fire effects on infiltration rates after prescribed fire in Northern 546 

Rocky Mountain forests, USA. Journal of Hydrology 231-232, 220-229. 547 

Robichaud, P.R., 2000b. Fire effects on infiltration rates after prescribed fire in Northern 548 

Rocky Mountain forests, USA. Journal of Hydrology 231, 220-229. 549 

Robichaud, P.R., Lewis, S.A., Wagenbrenner, J.W., Ashmun, L.E., Brown, R.E., 2013. Post-550 

fire mulching for runoff and erosion mitigation: Part I: Effectiveness at reducing hillslope 551 

erosion rates. Catena 105, 75-92. 552 

Rodríguez y Silva, F., 2004. Análisis económico aplicado al control de la carga de 553 

combustibles en ecosistemas forestale mediterráneos, Quemas prescritas, una alternative 554 

frente a los métodos mecánicos. II Fire Economic and Policy Simposio. USDA Forest 555 

Service, Ministerio de Medio Ambiente. Junta de Andalucía. Universidad de Córdoba., 556 

Cordoba. 557 

Sagra, J., Moya, D., Plaza-Álvarez, P.A., Lucas-Borja, M.E., Alfaro-Sánchez, R., De Las 558 

Heras, J., Ferrandis, P., 2017. Predation on Early Recruitment in Mediterranean Forests after 559 

Prescribed Fires. Forests 8, 243. 560 

Savadogo, P., Sawadogo, L., Tiveau, D., 2007. Effects of grazing intensity and prescribed 561 

fire on soil physical and hydrological properties and pasture yield in the savanna woodlands 562 

of Burkina Faso. Agriculture, Ecosystems & Environment 118, 80-92. 563 

Scharenbroch, B., Nix, B., Jacobs, K., Bowles, M., 2012. Two decades of low-severity 564 

prescribed fire increases soil nutrient availability in a Midwestern, USA oak (Quercus) forest. 565 

Geoderma 183, 80-91. 566 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

18 

 

Stoof, C.R., Ferreira, A.J., Mol, W., Van den Berg, J., De Kort, A., Drooger, S., Slingerland, 567 

E.C., Mansholt, A.U., Ferreira, C.S., Ritsema, C.J., 2015. Soil surface changes increase 568 

runoff and erosion risk after a low–moderate severity fire. Geoderma 239, 58-67. 569 

Sullivan, L., 1990. Soil organic matter, air encapsulation and water‐ stable aggregation. 570 

Journal of Soil Science 41, 529-534. 571 

Switzer, J.M., Hope, G.D., Grayston, S.J., Prescott, C.E., 2012. Changes in soil chemical and 572 

biological properties after thinning and prescribed fire for ecosystem restoration in a Rocky 573 

Mountain Douglas-fir forest. Forest ecology and management 275, 1-13. 574 

Úbeda, X., Lorca, M., Outeiro, L.R., Bernia, S., Castellnou, M., 2005. Effects of prescribed 575 

fire on soil quality in Mediterranean grassland (Prades Mountains, north-east Spain). 576 

International Journal of Wildland Fire 14, 379-384. 577 

Úbeda, X., Pereira, P., Outeiro, L., Martin, D., 2009. Effects of fire temperature on the 578 

physical and chemical characteristics of the ash from two plots of cork oak (Quercus suber). 579 

Land degradation & development 20, 589-608. 580 

Vadilonga, T., Ubeda, X., Germann, P., Lorca, M., 2008. Effects of prescribed burnings on 581 

soil hydrological parameters. Hydrological processes 22, 4249-4256. 582 

Valkó, O., Deák, B., Magura, T., Török, P., Kelemen, A., Tóth, K., Horváth, R., Nagy, D.D., 583 

Debnár, Z., Zsigrai, G., 2016. Supporting biodiversity by prescribed burning in grasslands—584 

A multi-taxa approach. Science of the Total Environment 572, 1377-1384. 585 

Vilén, T., Fernandes, P.M., 2011. Forest fires in Mediterranean countries: CO2 emissions and 586 

mitigation possibilities through prescribed burning. Environmental Management 48, 558-567. 587 

Woods, S.W., Balfour, V.N., 2010. The effects of soil texture and ash thickness on the post-588 

fire hydrological response from ash-covered soils. Journal of Hydrology 393, 274-286. 589 

Zema, D., Bombino, G., Boix-Fayos, C., Tamburino, V., Zimbone, S., Fortugno, D., 2014. 590 

Evaluation and modeling of scouring and sedimentation around check dams in a 591 

Mediterranean torrent in Calabria, Italy. Journal of Soil and Water Conservation 69, 316-329. 592 

Zhang, R., 1997. Determination of soil sorptivity and hydraulic conductivity from the disk 593 

infiltrometer. Soil Science Society of America Journal 61, 1024-1030. 594 



 

Changes in soil hydraulic conductivity after prescribed fires in Mediterranean pine 1 

forests 2 

 3 

Plaza-Álvarez P.A.
1
*, Lucas-Borja M.E.

1
, Sagra J.

1
, Zema D.A.

2
., González-Romero J.

1
, 4 

Moya D.
1
, De las Heras J.

1 
5 

 6 

1
Escuela Técnica Superior Ingenieros Agrónomos y Montes, Universidad de Castilla-La 7 

Mancha. Campus Universitario, E- 02071, Albacete, Spain 8 

2
 Department AGRARIA, Mediterranean University of Reggio Calabria, Loc. Feo di Vito, I-9 

89122 Reggio Calabria, Italy 10 

 11 

*Corresponding author: Pedro.Plaza@uclm.es 12 

 13 

Figure
Click here to download Figure: Figures_SHC_PAPA.docx

mailto:Pedro.Plaza@uclm.es
http://ees.elsevier.com/jema/download.aspx?id=1229978&guid=36e895a8-bac3-4dec-8696-879d8f897716&scheme=1


 

FIGURES 14 

 15 

 16 

17 

 18 



 

 19 

Asterisks (*) indicates significant differences between control and burned area at the same monitoring date, 20 

while capital letters indicate significant difference among the different monitoring dates (at p < 0.05). 21 

 22 

Figure 1 - Temporal evolution of soil hydraulic conductivity (SHC, mean  standard 23 

deviation) in (a) PN (pure P. nigra stands), (b) PPPN (mixed P. pinaster and P. nigra stands), 24 

and (c) PHPP (mixed P. halepensis and P. pinaster stands).  25 
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TABLES 14 

 15 

Table 1 - Morphological characteristics of the studied sites (Castilla La Mancha, Spain). 16 

 17 

Site 

(municipality) 

Forest 

type 

U.T.M. 

coordinates 

Min-max 

altitude (m a.s.l.) 

Mean slope 

(%) 

Beteta PN 
X: 575451 E 

Y: 4489248 N 
1.000-1.050 4.2±1.3 

El Pozuelo PPPN 
X: 561373 E 

Y: 4490691 N 
1.250-1.300 5.0±2.2 

Lezuza PHPP 
X: 557588 E 

Y: 4306475 N 
1.000-1.050 10.2±2.3 

Notes: PN = Black pine; PPPN = Maritime and Black pine; PHPP = Aleppo and Maritime pine. 18 

19 



 

Table 2 - Main soil properties of the burned plots in studied sites (mean ± standard deviation, n = 18 samples) (Castilla La Mancha, Spain). 20 

 21 

Forest 

type 

Main soil 

texture 
Sampling time 

Organic layer 

depth (cm) 

OM content 

(%) 
pH 

Texture (% w/w) 

sand silt clay 

PN Clayey 

Before fire 14.0±6.1 a 18.0±3.6 a 7.3±0.4 a 32.6±6.2 a 25.3±6.4 a 42.1±8.6 a 

Just after fire 10.0±5.0 b 16.3±3.4 a  7.8±0.5 a 26.0±5.3 a 16.5±4.5 b 57.4±9.7 b 

1 year after fire 12.2±4.4 ab 16.4±4.1a 7.6±0.4 a 29.9±4.3 a 23.3±5.2 ab 46.8±6.8 ab 

PPPN 
Loamy-

sand 

Before fire 9.1±4.0 a 8.6±2.3 a 6.9±0.3 a 82.3±5.2 a 8.7±3.2 a 9.0±2.0 a 

Just after fire 6.2±3.1 b 6.1±2.0 a 7.0±0.4 a  86.9±4.2 a 6.1±2.6 a 7.0±1.7 a 

1 year after fire 6.9±3. ab 6.0±1.8 a 6.9±0.4 a 80.3±3.9 a 9.2±4.1 a 10.5±3.4 a 

PHPP Clayey 

Before fire 4.1±2.2 a 4.3±1.3 a  7.6±0.5 a 31.2±4.5 a 27.3±3.9 a 41.5±7.1 a 

Just after fire 2.4±2.1 b 3.9±1.3 a 7.7±0.3 a 30.4±7.9 a 25.1±3.7 a 44.5±9.5 a 

1 year after fire 3.2±2.3 ab 3.8±1.4 a 7.8±0.5 a 30.1±3.2 a 23.4±2.4 a 46.5±5.2 a 

Notes: PHPP = Aleppo and Maritime pine; PPPN = Maritime and Black pine; PN = Black pine; OM = organic matter; different letters indicate significant (at p < 0.05) 22 

differences before and after fire. 23 

 24 



 

Table 3 - ANOVA of the SHC for each study zone (PN, PPPN and PHPP) (Castilla La 25 

Mancha, Spain). 26 

 27 

Factors Sum of squares Degree of freedom F-value P-value 

PN 

T 195.5 1 5.54 <0.05 

DAF 356.9 6 1.68 >0.05 

T x DAF 582.4 6 2.75 <0.05 

Residual 2471.7 70   

PPPN 

T 17.84 1 0.86 >0.05 

DAF 450.49 6 3.63 <0.01 

T x DAF 196.37 6 1.58 >0.05 

Residual 1447.43 70   

PHPP 

T 164.5 1 1.27 >0.05 

DAF 18918.1 8 18.29 <0.001 

T x DAF 268.6 8 0.26 >0.05 

Residual 11630.5 90   

Notes: PHPP = Aleppo and Maritime pine; PPPN = Maritime and Black pine; PN = Black pine; T = treatment 28 

(prescribed fire versus control soil); DAF = time elapsed (number of days after fire). 29 


