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Fire can affect soil properties depending on a number of factors including fire severity and soil type. Aggregate stability (AS) refers to soil structure resilience in response to external mechanical

forces. Many authors consider soil aggregation to be a parameter reflecting soil health, as it depends on chemical, physical and biological factors. The response of AS to forest fires is complex,

since it depends on how fire has affected other related properties such as organic matter content, soil microbiology, water repellency and soil mineralogy. Opinions differ concerning the effect of fire

on AS. Some authors have observed a decrease in AS in soils affected by intense wildfire or severe laboratory heating. However, others have reported increases. We provide an up to date review of

the research on this topic and an analysis of the causes for the different effects observed. The implications for soil system functioning and for the hydrology of the affected areas are also discussed.

Generally, low severity fires do not produce notable changes in AS, although in some cases an increase has been observed and attributed to increased water repellency. In contrast, high severity

fires can induce important changes in this property, but with different effects depending on the type of soil affected. The patterns observed can vary from a disaggregation as a consequence of the

organic matter destruction, to a strong aggregation if a recrystallization of some minerals such as Fe and Al oxyhydroxides occurs when they are present in sufficient quantities in the soil, after

exposure to high temperatures.
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Fig. 1. Soil surface after a high severity wildfire in Pinoso, Alicante, SE Spain (J.

Mataix-Solera, 2003). The high degree of the combustion in a high severity fire

produces the elimination of vegetal cover, litter and organic horizons. The exposition

of the mineral leads AS as a key factor controlling topsoil hydrology, crust

development and erodibility.

Fig. 2. 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).

Fig. 3. The upper few centimetres of surface 

soil can be affected by the combustion of the 

litter and soil organic matter, due to the heat 

released during fire. This, in turn, can affect 

aggregate stability. The images provide 

examples of soil affected by fire from different 

forested environments. A) Organic matter in 

the upper few centimetres has been 

quantitatively and qualitatively affected. The 

photo was taken seven months after a 

moderate intensity forest fire in Finestrat, 

Alicante, SE Spain (J. Mataix-Solera, 2009). 

B) Clay loam soil affected by the 2009 Black 

Saturday fires near Melbourne (Australia). 

The soil (grey) is overlain by a thick (5cm) ash 

layer. At the very top, organic matter has been 

oxidised as indicated by the pale brown 

colour. The charcoal above is likely to have 

been deposited subsequently from charred 

logs. C) Sandy soil in Sydney’s main water 

supply catchment, affected by the Christmas 

2001 wildfires (Australia). The red colour 

suggests complete oxidation of organic matter 

and changes in mineralogy due to extreme 

heating under a burning log. D) Highly water 

repellent silty soil under a thick ash cover 

following a severe wildfire in conifer forest, 

Montana (USA). Arrows indicate water drops 

over water-repellent soil. Photos B, C and D 

courtesy of Stefan H. Doerr.

Fig. 4. Water drops (arrowed) on the surface of a water-repellent aggregate. 

Photo by Jorge Mataix-Solera and Vicky Arcenegui, 2011.

Fig. 5. Three different patterns of aggregate stability changes in relation to fire 

severity: a) soil with a high clay content, calcium carbonate, Fe and Al oxides as 

principal cementing substances; b) soil with organic matter as the principal binding 

agent and originally hydrophilic or with low water repellency; and c) a sandy soil 

highly which is water-repellent and has organic matter as the principal binding 

agent.

Because of the complexity of the different possible effects and reasons for the potential changes in the fire-affected soil aggregates, the inclusion of other parameters in the studies is necessary to understand the results. The suggested parameters to include in the examination of AS are:

soil organic matter, microbial biomass, water repellency, texture, aggregate size distribution, together with accurate ways of estimating fire severity. More research is needed on what implications have for soil system functioning the changes suffered by aggregates after fire. Studies

including measurements at very different scales: from AS measurements in the laboratory to erosion rates measured at pedon, slope and catchment scales are also necessary.
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