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* Fireis 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)

e Extreme fire events are more often

* Fireis now more present in non-adapted ecosystems

Figure 5: Distribution of fire regime
conditions globally at the ecoregion:
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Factors controlling fire effects on soils

Fire intensity and severity (fire behaviour)

ire intensity describes the physical combustion process of energy release from organic matter”
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Factors controlling fire effects on soils. Temperatures reached in soil
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Factors controlling fire effects on soils
« Topography (slopes angle and length; North face vs South face)
» Fire recurrence

» Post-fire meteorological conditions
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Investigacion
« Alcoi, Alicante
« Javea, Alicante
« Torres del Paine, Patagonia, Chile
« Arequipa, Peru

« Haifa, Israel



Soil water repellency (WR)
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Soil water repellency (WR)

Causes of WR
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Water repellency

Available online at www.sciencedirect.com
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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).
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Susceptibility of soils to develop WR by burning is quite variable
Soil factors controlling:
e SOM content

e Texture
e Mineralogy of clay fraction

18 | As
A5

12 - 7

8 - A N A 1

Kaolinite (% in soil)
H
o

0 2 4 6 8 10

Soil organic matter (%)

A w ettables ® potentially w ater repellents

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

Lithic Rhodoxeralf (Soil Taxonomy) )
Chromic Luvisol (WRB Classification) Mataix-Solera et al., 2008. Geoderma



Earth-Science Reviews 109 (2011) 44-60

Contents lists available at SciVerse ScienceDirect

Earth-Science Reviews

journal homepage: www.elsevier.com/locate/earscirev

Fire effects on soil aggregation: A review

J. Mataix-Solera #<*, A. Cerda ™€, V. Arcenegui *¢, A. Jordan €, LM. Zavala €

2 GEA (Grupo de Edafologia Ambiental). Departamento de Agroquimica y Medio Ambiente, Universidad Miguel Herndndez, Avenida de la Universidad s/n, 03202-Elche, Alicante, Spain
b SEDER (Soil Erosion and Degradation Research Group). Departamento de Geografia, Universitat de Valéncia, Avenida de Blasco Ibdiiez, 28, 46010 Valéncia, Spain
© MED_Soil Research Group. Departamento de Cristalografia, Mineralogia y Quimica Agricola, Facultad de Quimica. Universidad de Sevilla, C/Profesor Garcia Gonzdlez, 1, 41012, Sevilla, Spain

} Mataix-Solera et dl. / Earth-Science Reviews 109 (2011) 44-60

(a)
> A
=
8
]
&
2
©
=)
o
=)
=)
2
©
[
(b)
(c)
| | | |
- Unburned Low Medium High

i Pt i

ix-Solera and Stefan H. Doerr Fire Severity

Photos: J. Mata



Photo: J. Mataix-Solera

=
L
w
@)
0
%
&
=
2
o))
=
=
<
To!
A
=)
O
s
<
w




100 200 300 400 500 600 700 800 900

T T T T T T T T
I I I I I I I I
I I I I I I I I
! ! ! ' Fe, Al oxyhydroxides ! ! !
Transformations ' ' ' ' yhy) Thermal fusion'! '
of mineral | | | | | df clay minerals ' .
compounds | | | | | | | CoIIapse-de?tructlon
I I I I I I I of clays
I I I I: 1 1 1 1 >
1 1 1 1 1 1 1 1
| | | | | | | |
b i i i i i i i i
qh) I I I I I I I I
I I I I I I I I
Q . I I I I I I I I
2 Organic 1 1 1 1 1 1 1 1
o matter I I I 1 1 I I I
S content [ [ [ [ [ [ [
c I I I I I I I
Q [ [ 1 1 1 1
g I - - I I I I
I I I I - I I I
Qo i i i i a g 7
E I I I I
o I I I I
: | | | |
o) Soil water : , : : :
v repellency I I I I I
I I I I I
| - I | |
I I I I I
| | | | |
I I I I I
I I I I I
Abundance I : : : :
of fungi | | | | |
A I | I I I
< T > I I I
I I I I I
100 200 300 400 500 600 700 800 900

Temperature (°C)

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

|, 2000; A i etal., 2007). , . .
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Fig. 6. Three different patterns of aggregate stability changes in relation to fire severity: a) soil with a more 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 which is water-repellent and has organic matter as the principal binding agent.

Mataix-Solera et al., 2011. Earth Science Reviews
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Aggregates from fire affected area in Vall d’Ebo, Alicante, Spain 2022
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Soil vulnerability indicators to degradation by wildfires in Torres del Paine National Park (Patagonia, Chile)
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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.






0% 20% 40% 60% 80%

m<5 m10 m30 m60 w180 m300 600 900 3600

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

A 75% of samples showed WR from slight to severe
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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
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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



Total Content of Aggregates
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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
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Soil: Torripsamment (Soil Taxonomy 2014) Berberis lutea
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

Parastrephia quadrangularis



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.
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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



Results 2021
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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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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
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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

POSTFIRE_ CARE

Estrategias de gestion forestal y manejo
postincendio orientadas a la conservacion
y mejora de la calidad del suelo




Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Feb 2013 —Jan 2018
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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
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SPANISH JOURNAL OF SOIL SCIENCE sty

MINI REVIEW

published: 13 June 2023
doi: 10.3389/sjss.2023.11388

FIGURE 1 | Patch of moss biocrust emerged after a wildfire stabilizing
soils surrounded by bare soils exhibiting erosion symptoms.

Check for
updates

The Recovery of Mediterranean Soils
After Post-Fire Management: The Role
of Biocrusts and Soil Microbial
Communities
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Effectiveness of post-fire soil erosion mitigation treatments: A systematic updates
review and meta-analysis
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ARTICLE INFO ABSTRACT

Keywords: Wildfires are known to be one of the main causes of soil erosion and land degradation, and their impacts on
Wildfires ecosystems and society are expected to increase in the future due to changes in climate and land use. It is
Runoff

therefore vital to mitigate the increased hydrological and erosive response after wildfires to maintain the sus-
tainability of ecosystems and protect the values at risk downstream from the fire-affected areas. Soil erosion
mitigation treatments have been widely applied after wildfires but assessment of their effectiveness has been
limited to local and regional-scale studies, whose conclusions may depend heavily on site-specific conditions. To
overcome this limitation, a meta-analysis approach was applied to investigations of post-wildfire soil erosion
mitigation treatments published in peer-reviewed journals.
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A. Girona-Garcia et al. Earth-Science Reviews 217 (2021) 103611
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Fig. 2. Location of the study sites identified across the publications included in the meta-analysis. Numbers correspond to the study site reference provided
in Table 1.



A. Girona-Garcia et al. Earth-Science Reviews 217 (2021) 103611

Fig. 5. Photographs of common ground cover and barrier treatments included in the meta-analysis: a) straw bale transport by helicopter (2005 School Fire,
Washington, USA); b) helimulching dropping (2015, Navia de Suarna, Lugo, Spain); ¢) aerial hydromulch application (2002 Hayman Fire, Colorado, USA); d) wood
shred mulching ground cover frame (2012 Waldo Canyon Fire, Colorado, USA); e) wood strand mulch study plot (2002 Hayman Fire, Colorado, USA); f) wood chips
mulch (2006, Soutelo de Montes, Pontevedra, Spain); g) bark strand mulch (2010, Fial das Corzas, Pontevedra, Spain); h) straw bale check dams in an ephemeral
channel (2010 Twitchell Canyon Fire, Utah, USA); i) log barriers (2002 Canyon Fire, California, USA); j) straw wattle barrier (2000 Bitterroot Complex Fire, Montana,
USA); k) barriers made with shrubs (2006, Soutelo de Montes, Pontevedra, Spain); 1) log dam (2015, Cinco Villas, Orés, Spain).
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Post-fire wood mulch negatively affects the moss biocrust cover and its
positive effects on microbial diversity in a semi-arid Mediterranean forest

Minerva Garcia-Carmona ® , Clémentine Lepinay b, Jorge Mataix-Solera ”, Petr Baldrian b,
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Fig. 1. Moss cover in soils after one year of mulch application. Different
lowercase letters indicate significant differences among treatments (p-value
<0.05, Tukey test).
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Los Incendios forestales: recuperacion,
cuidado y gestion de areas quemadas

EL FUEGO. !

Es un factor ecoldgico natural que ha contribuido
al desarrollo del ecosistema Mediterraneo. Hasta
tal punto es importante, que es necesario para la
multiplicacién de muchas especies y laregeneracion
de sus formaciones vegetales. Existen multitud de
ejemplos de adaptacion a este factor. Un ejemplo

es el Pino carrasco (Pinus halepensis).
SUELO. “

Tras el paso de un incendio, la cubierta vegetal
desaparece temporalmente, el suelo pierde la
proteccion que ésta le proporcionaba y se vuelve
mas sensible ante agentes externos como la lluvia
o el viento. Las lluvias intensas o las ventiscas
podrian afectar erosionando la parte superficial del
suelo llevandose las cenizas que son vitales para su
buena recuperacion.

MULCH. ‘

Realizar acciones que protejan el suelo durante
este periodo de vulnerabilidad son aconsejables.
Como cubrirlo con acolchados (de astilla, paja o
aciculas de pino, etc.) que lo protejan del impacto
de las gotas de lluvia, frenen las escorrentias y
preserven mas y durante mas tiempo la humedad
del suelo.

B
()

PROBLEMATICA. ﬂ

El problema reside cuando este factor ecolégico se
ve modificado por la accion antrdpica, la cual altera
el régimen natural de los incendios afectando
tanto a la frecuencia como a la intensidad, y por
tanto a las caracteristicas del fuego tales como
su severidad o extension. Estos cambios pueden
arrebatar al fuego su caracter renovador, creando
incendios mas destructivos.

POST-INCENDIO. I l

Debido a esta fragilidad del suelo, es necesario que
las medidas que se tomen a corto plazo, eviten que
puedan degradarlo o condicionar su recuperacion.
Es por ello que la extraccion de madera quemada
con la utilizacion de maquinaria pesada puede
afectar de manera grave a la recuperacion de
los suelos, especialmente los desarrollados
sobre litologias como las margas, que son rocas
facilmente erosionables. Los estudios realizados en
esta zona asi lo confirman.

LOS MUSGOS. I

Los musgos ayudan a los ecosistemas afectados
por incendios, mejoran la fertilidad del suelo y la
fijacion de nutrientes, forman una biocostra en la
superficie del suelo que lo protege de la erosion
y la desecacion, facilitando asi al crecimiento
microbiano y los procesos bioguimicos.




In summary (1/2)

* Fireis 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

e 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

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

e 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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