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* 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 (resilients) than others

Figure 5: Distribution of fire regime
conditions globally at the ecoregioni
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Fire effects
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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”




Factors controlling fire effects on soils. Temperatures reached in soil
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Temperature ranges and effects on soil for different types of fires (underburning, slash-and-burn, pile burning and ecological
burning/wildfires)



Factors controlling fire effects on soils

South-face North-face

Torremanzanas Alicante
Fire Agosto 1987
Pictures Dic 2005
J. Mataix-Solera

¢Which one of these areas was affected by a forest fire?



Factors controlling fire effects on soils Previous history of fires in affected area.

Recurrence of fires

New fire in august 2005
Picture Dec 2005

October 2006

October 2018

J. Mataix-Solera

Torremanzanas Alicante
Fire August 1987
Picture Dic 2005



Factors controlling fire effects on soils

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

» Post-fire meteorological conditions

Photo: John A. Moody
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Soil Organic Matter (SOM)

Fire can modify organic matter (quantity and quality)
e Losses or additions of OM depending on the severity of fire ;
e implications for many soil properties
e S0il structure
e nutrients

e etc

Available online at www.sciencedirect.com
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Review article

The effect of fire on soil organic matter—a review

José A. Gonzalez-Pérez®*, Francisco J. Gonzalez-Vila®, Gonzalo Almendros®, Heike Knicker®

* Instituto de Recursos Naturales y Agrobiologia de Sevilla, CSIC, P.O. Box 1052, E-41080 Seville, Spain
® Centro de Ciencias Medioambientales, CSIC, Serrano 115B, E-28006 Madrid, Spain
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nature ARTICLES
geosclence https://doi.org/10.1038/s41561-019-0403-x

Global fire emissions buffered by the production
of pyrogenic carbon

Matthew W. Jones®'#*, Cristina Santin®'?, Guido R. vander Werf? and Stefan H. Doerr’

Landscape fires burn 3-5 millionkm? of the Earth's surface annually. They emit 2.2Pg of carbon per year to the atmosphere,
but also convert a significant fraction of the burned vegetation biomass into pyrogenic carbon. Pyrogenic carbon can be stored
in terrestrial and marine pools for centuries to millennia and therefore its production can be considered a mechanism for long-
term carbon sequestration. Pyrogenic carbon stocks and dynamics are not considered in global carbon cycle models, which
leads to systematic errors in carbon accounting. Here we present a comprehensive dataset of pyrogenic carbon production
factors from field and experimental fires and merge this with the Global Fire Emissions Database to quantify the global pyro-
genic carbon production flux. We found that 256 (uncertainty range: 196-340) Tg of biomass carbon was converted annually
into pyrogenic carbon between 1997 and 2016. Our central estimate equates to 12% of the annual carbon emitted globally by
landscape fires, which indicates that their emissions are buffered by pyrogenic carbon production. We further estimate that
cumulative pyrogenic carbon production is 60 Pg since 1750, or 33-40% of the global biomass carbon lost through land use
change in this period. Our results demonstrate that pyrogenic carbon production by landscape fires could be a significant, but
overlooked, sink for atmospheric CO.,.
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Fig. 4 | Annual average PyC production rates for the period 1997-2016 from GFED4s+PyC, based on central production factors (Fig. 2). a, The average
global distribution of PyC production (g Cm=2yr~'; note the log scale). b, The total production of PyC (Tg Cyr™) in 15° latitudinal bands segregated
according to the fire type, which includes savannah fires (SAVA), non-deforestation tropical forest fires (TROF), tropical deforestation fires (DEFO),
agricultural fires (AGRI), temperate forest fires (TEMF), extratropical grassland fires (EXGR) and boreal forest fires (BORF).



Soil water repellency (WR)

Available online at www.sciencedirect.com
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ELSEVIER Geoderma 118 (2004) 77-88
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Hydrophobicity and aggregate stability in calcareous topsoils from
fire-affected pine forests in southeastern Spain

J. Mataix-Solera®*, S.H. Doerr®

*Grupo de Edafologia Ambiental, Departamento de Agroquimica y Medio Ambiente, Universidad Miguel Herndndez, Campus de Elche,
Avda del Ferrocarril s/n E-03202, Elche, Alicante, Spain
® Department of Geography, University of Wales Swansea, Singleton Park, Swansea SA2 8PP, UK

Received 10 October 2002; accepted 25 April 2003

Photo: Ana Mateu Photo: J. Mataix-Solera



Soil water repellency (WR)

Causes of WR

Certain vegetation types
release organic material
(O.M.) rich in lipids

Fire can vaporise
and alter O.M., some

Plant roots Fungal hyphae
can provide can contain
of which condenses lipld-rich O.M. hydrephobic
in the soil profile compounds
Lipids can be released Surface waxes can be
from decompoesing litter mechanically eroded
and incorporated into
the soil

from plant leaves

Hydrophobic
organic coating
on soll particles

Hydrophobic
— parficulate
organic matter

Figura: Stefan H. Doerr 2000




Water repellency

Available online at www.sciencedirect.com
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Immediate effects of wildfires on water repellency and aggregate stability
in Mediterranean calcareous soils

V. Arcenegui *, J. Mataix-Solera, C. Guerrero, R. Zornoza, J. Mataix-Beneyto, F. Garcia-Orenes

GEA — Grupo de Edafologia Ambiental — Environmental Soil Science Group, Department of Agrochemistry and Environment,
University Miguel Hernandez, Avda. de la Universidad s/n. 03202, Elche, Alicante, Spain

Received 24 July 2007; received in revised form 27 November 2007; accepted 20 December 2007
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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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Can terra rossa become water repellent by burning? A laboratory approach

J. Mataix-Solera **, V. Arcenegui ?, C. Guerrero ?, M.M. Jordan ?, P. Dlapa ®, N. Tessler €, L. Wittenberg €
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Terra rossa. Benitatxel, Alicante.
Lithic Rhodoxeralf (Soil Taxonomy)

Chromic Luvisol (WRB Classification)

Photo: J. Mataix-Solera



Susceptibility of soils to develop WR by burning is quite variable
Soil factors controlling:
e SOM content

e Texture
e Mineralogy of clay fraction
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Terra rossa. Javea, Alicante. photo: J. Mataix-Solera 2008
Lithic Rhodoxeralf (Soil Taxonomy) ]
Chromic Luvisol (WRB Classification) Mataix-Solera et al., 2008. Geoderma



Small differences in some soil properties can control the occurrence and persistence of soil WR developed by
burning.
Texture, mineralogy of clay, SOM quantity and quality

uni>ersia

Foto: Ana Mateu

The high spatial variability of soil WR found in field in burned areas, which has been mainly attributed to the expected differences
in temperature reached in burned soils -as a consequence of fuel distribution and fire behaviour-, can also be a consequence of

the spatial variability of soil properties, because small differences in some soil properties affect the fire-induced changes in sail
WR

Mataix-Solera et al., 2013. Spanish Journal of Soil Science
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Fire effects on soil aggregation: A review
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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
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Soil Aggregate Stability

S4800 15.0kV 9.0mm x50 SE(M)

(b) Photo: J. Mataix-Solera

(c)

| | | |
Unburned Low Medium High

Fire Severity

Fig. 6. 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 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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Advances in the knowledge of how heating can affect aggregate stability
in Mediterranean soils: a XDR and SEM-EDX approach @C”“M“k
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Soil vulnerability indicators to degradation by wildfires in Torres del Paine National Park (Patagonia, Chile)
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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.
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pH EC (uS/cm) Sand (%) Silt(%) Clay (%) Textural class (USDA)*

6.7 (0.4) 91.2 (31.3) 68 18 14 Sandy loam

6.6 (0.3) 125.4(69.7) 66 22 12 Sandy loam

5.7(0.5) 106.8 (85:5) 52 38 10 Loam

6.1(0.7) 171.7 (77.2) 46 38 16 Loam

54'(0.2) 160.1 (17.0) 64 20 16 Sandyloam




Bare Soil
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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



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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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 2. Box-plot 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






Conclusions

WR is a natural property in these soils.
The combination of the high sand
content (low specific surface area) and
high OM make them very susceptible to
develop WR.

Since these soils have a scarce
development with a poor structure, the
combination of the WR and the poor
soil structure make them very
vulnerable to erosion processes after
the fire. This could be verified in three
of the five study areas and specially the
one with plant community in transition
between steppe to scrub, which was
the one more affected by the
perturbation caused by the fire and
post-fire erosion processes.

Measures to protect the soils or
accelerate the recovery are
recommended in these areas when
new human caused wildfires will occur



Vulnerability to degradation of some soils to post-fire treatments

« 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




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
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Feb 2013

Alicante.

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




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

C: Control plots

SL: Salvage Logging plots

Soil samplings dates:

1 - C1 and SL1: 1/02/2013. Day of application of salvage logging treatments
2 -SL2: 12/03/2013

3 - C3 and SL3: 10/09/2013

4 - C4 and SL4: 16/05/2014

*5 - C5 and SL5: 23/10/2014

6 — C6 and SL6: 23/12/2015

7 - C7 and SL7: 16/01/2017

8 — C8 and SL8: 15/01/2018




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




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




Effect of salvage logging treatments on soil properties. Sierra de Mariola, Alicante. Sep2013
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Effects of salvage logging on soil properties and vegetation recovery in a @Cmsm
fire-affected Mediterranean forest: A two year monitoring research
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« Response of microbial communities to fire is variable and very complex. - .
P eemp Highlights
« Itis conditioned by fire severity, soil quality, environmental conditions, . . . Lo
! yeenaiay « Fire reduces decomposition rates and enzymatic activities related to C

and time.
and P cycles.
+ Soil microbial biomass, activity, and diversity show different sensitivity
to fire. « Recovery of ecosystem functions may take 20 yr in fireprone ecosystems.

»  Fire impact on soil microbial diversity can persist in the long term. + Resilient microbial communities restore the key ecosystem functions.

« Field studies on the susceptibility resilience of soil to fire events are
needed.
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