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Introduction 
 
Combustion causes the mineralization of soil organic matter and litter, increasing the availability of nutrients for plant uptake and leaching (Neary et al., 1999; Certini, 2003; Pereira et al., 2011). Depending on 
fire severity, fire intensity, ecosystem and vegetation affected, soil type, slope, aspect and post-fire rainfall, fire can cause changes in soil properties in space and time (Certini, 2005; Úbeda and Outeiro, 2006). 
Due the increase of pH, the solubility of major cations is favored immediately after fire,  especially due the redistribution of ash and charred material on the soil surface and into the soil profile (Lewis, 1974; 
Ludwig et al., 1998; Murphy et al., 2006). Generally, the increase of pH favours the immobilization of micro-nutrients, which are also present in important quantities in ash and charred material (Pereira & 
Úbeda, 2010; Pereira et al., 2010a; Marañón-Jiménez et al., 2013).  Due to different conditions of burning (e.g.: type and density of vegetation, moisture, slope and aspect) fire severity is very heterogeneous 
and the impacts on soil can be highly variable (Keeley, 2009; Knapp & Keeley, 2006).  Redistribution processes are also very important in grassland fires, where tree cover is virtually zero (Pereira et al., 2013b). 
This temporal redistribution can have implications on soil properties, soil erosion and different uptake rates of nutrients by plants (Doerr et al., 2006; Lasanta & Cerdà, 2005; Pereira et al., 2010a; Pereira et al., 
2010b). Consequently, studying the spatial and temporal distribution of soil nutrients in the post-fire period is necessary for the evaluation of fire-affected soils. Distribution of nutrients after fire can be 
assessed with data interpolation techniques.   The aim of this work is to study the spatio-temporal impact of a low-severity grassland fire on soil water extractable Al and Zn.  

 

Methodology 
Study area, sampling, statistical analysis , laboratory analysis and statistical and spatial distributiona analysis 
 
The study area it is located near Vilnius city (54° 42’ N, 25° 08 E, 158 masl). This area was affected by a wildfire by 15th April 2011 due human negligence in an abandoned agricultural area, converted to 
grassland. Fire severity was low, as observed by the presence of unburned patches and high cover of black ash on the soil surface. Three days after burning, a flat area of 400 m2 (20 × 20 m) in the burned and 
in a adjacent control area were selected for this study (Pereira et al., 2012; Figure 1a). Soil samples were collected immediately after the fire, 2, 5, 7 and 9 months after the fire in 25 points regularly 
distributed, selected according to the grid shown in Figure 1b.  
Descriptive statistics (mean, standard deviation - SD - and coefficient of variation - CV%) were analysed. Prior to statistical and spatial analysis, data normality and homogeneity of variances were tested with 
the Shapiro-wilk and Levene’s test respectively. Data were transformed with the Neperian-logarithm (ln) function to fit the requirements of the normal distribution. In order to identify spatial and temporal 
differences between plots a Repeated Measures ANOVA was carried out (significant differences were considered at p<0.05). When significant differences were found, pos-hoc comparisons were carried out 
(Tukey HSD post hoc test).  In order to identify the best spatial predictor several well-known interpolation methods were tested previously to data interpolation: ordinary kriging and other deterministic 
methods as inverse distance weighted (IDW) raisen to 1, 2, 3 and 4, radial basis functions (inverse multiquadratic, multilog, muitiquadratic, natural cubic spline and thin plate spline) and first and second order 
local polynomials. Further information about the described interpolation methods can be found in Pereira & Úbeda (2010) and Pereira et al. (2010a). The best interpolation method was identified using the 
cross-validation procedure. Cross validation was obtained by comparing the value from each sampling point with the estimated one. The errors produced allowed us to calculate the mean error (ME) and the 
root mean square error (RMSE). The most accurate interpolation method was the one with lower RMSE (Pereira et al., 2013a). Finally, data were calculated using the best interpolation method. Comparisons 
of data were calculated using Statistica 7.0 (Statsoft Inc., 2007) and interpolations were carried out using Surfer 9.0 (Golden Software).  

 

 Results 
 
 
 

 Conclusions 
 
Fire did not have implications on the distribution of soil water-extractable 
Al. In relation to soil water-extractable Zn significant differences were 
observed 5 and 9 months after the fire. The temporal variability of water-
extractable Zn may be attributed to the natural seasonal variability of soil 
nutrients. 
 
The spatial variability in both plots was enhanced by fire, and decreased 
through the post-fire period. The most accurate interpolation method was 
IDW in the majority of the cases, especially in soil water-extractable Zn. 
These differences might be due plant nutrients demand and different rates 
of soil water infiltration. 
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Figure 1. Soil water-extractable Al spatial distribution after the fire: a) unburnt 
area immediately after fire; b) burnt area immediately after fire; unburnt  
area 2 months after fire; c) burnt area 2 months afterbfire; d) unburnt 
area 2 months after fire; e) burnt area 5 months after fire; f) unburnt area  
5 months after fire; g) burnt area 7 months after fire; h) unburnt area  
7 months after fire; i) burnt area 9 months after fire;  
j) unburnt area 9 months after fire.  
 

Figure 2. Soil water-extractable Fe spatial distribution after the fire: a) unburnt 
area immediately after fire; b) burnt area immediately after fire; unburnt  
area 2 months after fire; c) burnt area 2 months afterbfire; d) unburnt 
area 2 months after fire; e) burnt area 5 months after fire; f) unburnt area  
5 months after fire; g) burnt area 7 months after fire; h) unburnt area  
7 months after fire; i) burnt area 9 months after fire;  
j) unburnt area 9 months after fire.  
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