




• Fire is a global phenomenon

• There is a distortion of fire regimes in many 
ecosystems of the world

• Some ecosystems are more adapted to fires than 
others (more resilients) 

• Extreme fire events are more often

• Fire is now more present in non-adapted ecosystems



Factors controlling fire effects on soils

Fire intensity and severity (fire behaviour)

“Fire intensity describes the physical combustion process of energy release from organic matter”

“Fire severity is the degree of environmental change caused by fire”



ecological burning/wildfires

Temperature ranges and effects on soil for different types of fires (underburning, slash-and-burn, pile burning and ecological 
burning/wildfires)

(Santin & Doerr 2016; Trans. Royal. Soc. B) 

Factors controlling fire effects on soils. Temperatures reached in soil



Factors controlling fire effects on soils

• Topography (slopes angle and length; North face vs South face)

• Fire recurrence

• Post-fire meteorological conditions

Photo: John A. Moody



Which is the role of soil type? “The voice of soil”



Soil Diversity



Typic Xerorthent. Sierra de Mariola, Alicante Lithic Rodoxeralf. Lliber, Alicante





Soil water repellency (WR)

Photo: J. Mataix-SoleraPhoto: Ana Mateu



Causes of WR

Figura: Stefan H. Doerr 2000

Soil water repellency (WR)
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Figure 3. Relative frequency of water repellency classes (s) for burned samples from 10 wildfires occurred in summers 2003, 2004, 2005 and

2006 (pooled from all burned sites) and for all control samples (n=200).

Water repellency

Photo: J. Mataix-Solera



Terra rossa. Benitatxel, Alicante. 

Lithic Rhodoxeralf (Soil Taxonomy)

Chromic Luvisol (WRB Classification)



Terra rossa. Benitatxel, Alicante. 

Lithic Rhodoxeralf (Soil Taxonomy)

Chromic Luvisol (WRB Classification)

Photo: J. Mataix-Solera
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Terra rossa. Javea, Alicante. Photo: J. Mataix-Solera 2008

Lithic Rhodoxeralf (Soil Taxonomy)
Chromic Luvisol (WRB Classification)

Susceptibility of soils to develop WR by burning is quite variable

Soil factors controlling:

• SOM content
• Texture
• Mineralogy of clay fraction

Mataix-Solera et al., 2008. Geoderma



Photos: J. Mataix-Solera and Stefan H. Doerr



Photo: J. Mataix-Solera



Fig. 3. The main soil components or properties relevant to aggregation and their changes at different temperatures. Horizontal lines indicate

the approximate range of temperatures at ones which each property changes. The curves represent the magnitude and trend of the changes

induced by fire at particular temperatures. These ranges can vary depending on the type of soil and also on the duration of a given

temperature. Based in different studies (e.g.: DeBano et al., 1976; Giovannini et al., 1988; Soto et al., 1991; Neary et al., 1999; Ketterings et

al, 2000; Arcenegui et al., 2007).
Mataix-Solera et al., 2011.  Earth Science Reviews

	
	

	
	
	
	
	
	
	
	



Mataix-Solera et al., 2011. Earth Science Reviews

Fig. 6. Three different patterns of aggregate stability changes in relation to fire severity: a) soil with a more clay conten t, calcium carbonate, Fe and Al 

oxides as principal cementing substances; b) soil with organic matter as the principal binding agent and originally hydrophil ic or with low water 

repellency; and c) a sandy soil which is water-repellent and has organic matter as the principal binding agent.

Photo: J. Mataix-Solera





Jiménez-Pinilla et al., 2016. Catena



Aggregates from fire affected area in Vall d’Ebó, Alicante, Spain  2022





Soil vulnerability indicators to degradation by wildfires in Torres del Paine National Park (Patagonia, Chile)
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Study area

◼ Torres del Paine National Park. Patagonia, Region de Magallanes y la Antártica Chilena

◼ The study area is in a temperate cold rainy climate zone without dry season. The park is located in the 

transitional forest-steppe zone whose annual rainfall varies between 300 mm and 1500 mm. 

◼ Plant communities goes from Patagonian steppe, pre-Andean scrub to Magallanic forest.

◼ The soils of the region vary from Cryorthents and Udorthents to Haplocryolls (Soil Survey Staff, 2014), 

most of them with scarce development.

◼ Forest fire in 2011 affecting 17,666 ha

◼ Based on vegetation coverage, five areas of the park were sampled in 2019 following the transects where a 

vegetation recovery study has been monitored in order to know the status of the ecosystem and how fire 

and post-fire conditions affected. 





FIGURE 1 | Geographical location of Torres del Paine National Park in Chile and Google earth image of the study areas and points of soil 

samplings.
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Figure 3. Frequency of distribution of Water Repellency (WDPT (s))

A 75% of samples showed WR from slight to severe 



Figure 1. Box-plot of bare soil (%) per study area comparing burned soils vs controls. **, *: significant 
level for P<0.01 and P <0.05 respectively; ns: not significant at P >0.05



Figure 2. Box-plot of organic matter content (%) per study area comparing burned soils vs controls. **, *: 
significant level for P<0.01 and P <0.05 respectively; ns: not significant at P >0.05



Figure 7. Box-plot of total content of aggregates (TCA %) per study area comparing burned soils vs controls. **, *: significant level for P<0.01 
and P <0.05 respectively; ns: not significant at P >0.05



Soil degradation by fire in the “Pichu Pichu” ecosystem scrubland area of the Andean region of Arequipa (Perú)
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- Arequipa (Perú): 2335 m a.s.l.
- Climate: BWk (Pm = 96.5 mm; Tm = 14.5 ºC)

- Volcanic mountains:
- Misti: 5820 m a.s.l.
- Chachani: 6057 m a.s.l.
- Pichu Pichu: 5665 m a.s.l. Study area at: 3700 m a.s.l.,      Pm increase to 385 mm concentrated only between January-March. 

The mean annual temperature is 10ºC ranging from 4 to 18ºC. 

Study area



Scrubland landscape 



Scrubland landscape 

No vegetation > 5000 m a.s.l.

Queñua (Polylepis), between 3500-4500 m a.s.l. 

Yareta (Azorella compacta) > 4500 m a.s.l.



Parastrephia quadrangularisBerberis luteaSoil: Torripsamment (Soil Taxonomy 2014) 
developed over volcaniclastic sandstone

History 

- 2018 Wildfire affecting 1992 ha
- 2019 visit the affected area
- 2020 Project to study soil and vegetation recovery
- 2021 first sampling
- 2022 second sampling



40 soil samples comparing Burned vs unburned area and per plant species



Lab analysis:

A set of chemical, physical, and microbial soil properties such as: 
organic carbon content (OC), pH, EC, water repellency (WR), total content of macroaggregates (TCA), aggregate stability
(AS), bulk density (BD), microbial biomass carbon (Cmic), basal soil respiration (BSR), and enzymatic activities, among 
others were analysed in the labs of UNSA (Arequipa, Peru) and UMH (Elche, Spain).

Soils have an acidic pH, coarse texture with a high content of sand, Water repellency under natural conditions and low 
values of aggregation. 



Results 2021

Figure 1. Box-plots of Soil OC (%) TCA, and BD per plant species comparing burned soils vs controls. Different 
letters indicate statistical differences at P <0.05



Figure 3. Frequency of distribution of Water Repellency (WDPT (s)). C: Control, 
B: Burned; B: Berberis; P: Parastrephia

100% of samples showed WR from slight to extreme 

Figure 2. Box-plots of WR (LogWDPT (s)) per plant 
species comparing burned soils vs controls. Different 

letters indicate statistical differences at P <0.05
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Results 2021



Figure 4. Box-plots of Microbial Biomas C (%) BR, and Metabolic quotient qCO2 per plant species comparing 
burned soils vs controls. Different letters indicate statistical differences at P <0.05

Results 2021



Figure 5. Box-plots of three enzimatic activities per plant species comparing burned soils vs controls. Different 
letters indicate statistical differences at P <0.05

Results 2021



Results

Figure 6. Scores and loadings for PCA performed with results of all soil samples per study area (burned and unburned and between plant 
species). C: Control, B: Burned; B: Berberis; P: Parastrephia

2021 2022





Bolivia nov 2024



Bolivia nov 2024



Salvage logging impact in a Mediterranean soil affected by fire

• Sierra de Mariola. Alcoi, Alicante, Spain

• Wildfire in July 2012. more than 500 has affected

• In some areas, soil: Xerorthent developed from marls

• Treatment: salvage logging in Feb 2013



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 – Jan 2018



Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Sep2013 









Control: 78% soil cover Salvage Logging:: 53% soil cover





















Mariola, día del árbol. 12 marzo 2017 





In summary (1/2)

• Fire is not the problem, the problem is changing 
its natural regime 

• The effects on the soil are highly variable and 
partly controlled by the type of soil 

• Decisions on post-fire management must be 
done after evaluation of the affected area. 
Possibilities on not intervention, act with some 
emergency treatment to protect soil (e.g., 
mulch) or to improve soil conditions to 
accelerate the recovery (e.g.: organic 
amendment) must be decided at local scale. 

     
   



In summary (2/2)

• Improper post-fire management can cause more 
damage than fire 

• Short, medium and long-term post-fire 
strategies should be planned by multidisciplinary 
teams (Forestry, Ecology, Botany, Geography, 
Sociology…) , and must include Soil Scientists

• Post-fire management must take care of the soils 
and take advantage of the circumstance to 
achieve future forests that will be more resilient 
to fire 

• Disseminate what we know is as important as 
research it

     
   



Obrigado
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