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Abstract

Knowledge about wildland fuel is essential to firevention and to both biodiversity conservation
and reduction of the negative impacts of fire. leitts known of flammability of dead fuels,
especially for non-reconstructed samples that gpoethesized to represent the field conditions.

To assess the impact of the sampling method ofidhenability, samples of litter were collected
undisturbed (i.e. keeping intact the structureitbérl layers, compactness and bulk-density) and
disturbed (sample reconstructed using mainly thEeuptter layer with a depth equal to the mean
litter depth recorded on the plot) in limestonerdsa soils in Provence.

The sampling plan also comprised three types ofetadipn among the most representative
ecosystems of the study area: pinaus halepensis stands, mixed pine-oak stands and shrublands.
At last, the sampling included four types of fiegime defined by the number of fires having
occurred on each site since 1960 and the timeviaitemce the last fire.

Flammability experiments were carried out in labenausing a glowing firebrand and a 10 kinh
wind. The main variables recorded were: time-tatign, flaming duration, flame rate of spread,
flame propagation, mean flame temperature, meameflacight and rate of consumption in order
to assess the ignitability, sustainability, comtikity and consumability of each litter sample.
Results showed that there was no significant efféthe fire regime (time interval since the last
fire and number of fires) on the flammability paeters. The type of vegetation had a significant
effect on all the parameters except on flaming tiomaflame temperature and flame height. Litter
sampled in mixed stands and in pure pine stande were flammable than litter sampled in
shrublands and mixed stand litter was more igritdban pine litter. The type of sampling had a
significant effect on all the parameters except tome-to-ignition and flaming duration;
undisturbed litter being more flammable than distar litter, with higher combustibility and
consumability.

The intact litter structure seemed to be a veryoirigmt factor in the flammability, especially in
the combustibility and consumability of litter sdem and these parameters might be
underestimated using reconstructed litter samfles.type of vegetation was a significant factor
especially on the ignitability of the litter samp|ehe sampled collected under mixed stands being
more ventilated than the compacted pine needés.litt
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1. Introduction

In the Mediterranean Basin, fires are of major esndor forest and shrubland ecosystems.
Wildland fire occurrence and area burned have sagmitly increased since the 1960s, as a
consequence of climatic change and alterationand Lbise (Pifioét al. 1998). Knowledge
about wildland fuel is essential to fire preventenmd to both biodiversity conservation and
reduction of the negative impacts of fire. Howevgtle is known of flammability of dead
fuels, especially for non-reconstructed samples dha hypothesized to represent the field
conditions in contrast of reconstructed littersalustudied. Even if some authors worked
in field conditions, like Fernandes al. (2008), only very few studies were carried out on
non-reconstructed samples. For instance, K. (2000) used undisturbed soil blocks,
including all the organic profile and the upper tpaf the mineral soil, to assess the
decomposition rate d?inus pinaster needles. Gomez-Gonzales & Cavieres (2009) assessed
the effect of litter burning on seedling emergeridewever, none of these authors studied
the flammability parameters of the litter. Mostdsgs on litter flammability were carried
out on reconstructed litter samples, usually catdat samples of leaves of a given species.
Indeed, the leaf litter was considered as the waenponent of the total litter on forest
floor (Petriccioneet al. 2006).Others works, carried out on wider disturbed samplies
litter used burning tables, took into account mbaenmability parameters than in the
previous works. They tested the impact of differiaators such as the FMC or the bulk
density (Plucinski & Anderson 2008), but also tlegetation type (Fondat al. 1998 2001,
Fonda & Varner 2004; Kanet al. 2008; Ganteaumet al. 2009a) or the terpene content
(Ormefioet al. 2009) on the flammability of a given species.ahbther level, Taylor &
Fonda (1990) assessed burning characteristicsebfuing Mutch’s methodology (1970)
on reasonably intact litter samples mixing some dyofuels with the largely non woody
fuels.

A previous work was carried out on the flammabilifiyundisturbed litter enhancing the
need to be closer to the field conditions (Ganteauromm. pers.) than usually done with
disturbed litter (Ganteaun®t al. 2009a). Using non-reconstructed litter samples,litter
structure is kept intact during the sampling whileing disturbed litter samples, the
structure is reconstructed using mainly the upagei of the litter and a calibrated litterbed
depth.

The aim of this work was to check if the samplingthod affected the flammability of the
litter.

2. Material and methods

Sampling methodol ogy

To assess the impact of dead fuel characteristidh® flammability, samples of litter were
collected undisturbed (taking into account all titeer layers and keeping intact the
structure of litter layers, compactness and bulksdg) and disturbed (sample
reconstructed using mainly the upper litter layer28 study sites spread over the limestone
Provence.

The sampling of undisturbed litter was performeohgign iron plate (40x40cm) to cut the
litter layer without any disturbance of the litsructure (Fig.1). Once cut, the litter sample
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was carefully slipped from the iron plate into adimard box to protect it during the
carriage to the laboratory.

The sampling of the disturbed litter was carried along a 20m transect placed in the
middle of each 20x20m study plot. Every 2m, a safiysle of the upper litter was collected
using a calibrated iron circle of 0.2m diameterg(E). For each plot, the ten sub-samples
allowed the reconstruction in laboratory of oné¢etitsample of 0.36m diameter, with a
depth equal to the mean litter depth recordederptbt

Figure 1 : Sampling of undisturbed litter Figure 2 : Sampling of disturbed litter

The sampling was carried out according to the sampblan used in Ganteaunee al.
(2009Db), on different vegetation types and firamegs in limestone Provence (southeastern
France).

As water is known to be one of the most importatdrs influencing fire behaviour, the
litter samples were oven-dried for 48 h at 60°Gaboratory.

The Bulk-Density (BD in kgni) was calculated for each sample dividing the sampl
weight by the sample litter volume (litter surfaarea*litter depth).

Burning experiments

Litter burning experiments were conducted undertrofied laboratory conditions at the
INRA Vignéres facility (Avignon, France). The expeents tried to reproduce the effect of
a surface fire on heterogeneous litter.

Flammability of the litterbeds has been analyzemtoeding to the definitions given by
Anderson (1970) and Martigt al. (1993), as the result of the following four pherema:
ignitability (the amount of time until ignition oaca material is exposed to a known
ignition source), sustainability (how the fuel dames to burn), combustibility (how
rapidly or intensely a material burns), and conguifitg (quantity of material that is
consumed). Therefore, the main variables recordee wgnition frequency (%), time-to-
ignition (s), flaming duration (s), spread or flampeopagation (humber of sample sides



reached by the flames), rate of spread (Kmimean flame temperature (°C), maximum
flame height (cm) and percent consumption (burnechass) (%).

The experimental burns were conducted on fire besichade of cellular concrete, on
which the different litter samples were laid, fongiround layers of a surface area of
0.10nf. This size allowed enough fire development indizptsustainable ignition. The
distance of 0.19m, from the ignition point to aesiof the sample, allowed enough fire
development to demonstrate sustainability of fpeead. The fire benches were placed on a
scale (sensitivity 1g) to assess the weight logs;dithe burn. Two rulers, in cm, which
enabled visual assessment of the flame height glahia tests, were placed on each side of
the bench. A set of seven thermocouples (thermdeotype k with a 3@ diameter),
previously calibrated were positioned at each aiui@ in the middle of the sample at three
different heights (10cm, 20cm and 40cm high). Thesre connected to a computer to
record the variation of temperature during the b(kig.3). In order to ensure that the
ignitions of the litter samples occurred under tae=i conditions, standard ignition sources
were used. These were cubes (2 x 2 x 1 cmPindis sylvestris wood (FMC = 12%),
ignited using an electric radiator (Standard NF R-399-1985). Once the ignition
occurred, the glowing “firebrand” was placed in thentre of the sample and the
chronometer was connected. The temperature varg@ati@re then recorded as well as the
parameters characterizing the flammability of titted samples as described in Ganteaume
et al. (2009a). A 10 kmt wind was generated using a domestic fan that g gnd
mesh filters to obtain even flow across the burrdrep.

During the experiments, the mean relative tempegaivas 24°C and the mean relative
humidity was 56.29%.

The dry litter weight was calculated for each samgdiding up the weight loss recorded
during the experiment and the unburned litter wieigh
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Figure 3: the burning device

Satistical analyses

The effects of the factors “type of vegetation’iréfregime” and “sampling method” on the
flammability parameters were analyzed using mudtipfiNOVA. On overall significant
ANOVA results, a LSD test was used to test sigaiiicdifferences between the different
factors. Comparisons of means, using a parametacnMVhitney-test, were performed in
order to test the significance of the sampling rméthon the flammability parameters.
Some variables were log-transformed due to non-abiyrof distributions. The level for
all tests was 0.05 and all analyses were perforodg Statgraphics Centurion XV
software.

3. Results

Litter parameters



The litter sample parameters (weight, depth, arkl-@ensity) are presented in table 1. The
bulk-densities of the disturbed and undisturbeterlitsamples were not significantly
different and there was no significant differeneéween the bulk-densities according to the
vegetation type.

Impact of the different factors on litter flammability

The multiple ANOVA allowed us to highlight that thgpe of sampling was the most
significant factor regarding of litter flammabilignd that there was no significant effect of
the fire regime on overall flammability parametéFab. 2).

The type of sampling had a significant effect anetito-ignition (F=4.07; p=0.049), flame
spread (F=14.11; p=0.0005), rate of spread (F=52®.019), maximum flame height
(F=5.19; p=0.027), mean flame temperature (F=22)86;0001) and percent consumption
(F=36.09; p<0.0001).

The type of vegetation had a significant effectatinthe parameters except on flaming
duration, rate of spread and flame temperatureterisampled in mixed stands
(TTI=40.02s) was significantly more ignitable (F83; p=0.005) than litter sampled in
pure pine stands (TTI=89.90s) and in shrublandsI{719.34s). The spread (F=8.99;
p=0.0005) and the percent consumption (F=6.84;(8231) were significantly lower in
shrublands (S=2.08 sides, RC=48.98%) than in gareds (S=3.19 sides; RC=71.73%) and
in mixed stands (S=3.13 sides; RC=69.16%). The mami flame height was significantly
higher (F=5.26; p=0.027) in pine stands (FH=24.28cthan in mixed stands
(FH=18.42cm) and shrublands (FH=15.16cm).

Differences between the types of sampling

Undisturbed litter samples were found to be maaenfhable than disturbed litter samples
with higher combustibility (spread, rate of spreagkan flame temperature, maximum
flame height) and consumability (percent consunmtiégnitability and sustainability did
not differ between the types of sampling. The daeorded on the undisturbed litter
samples were always higher than the data recordetisturbed litter samples, except for
the time-to-ignition (Tab. 3).



Table 1: Weight, surface area, depth and bulk-dgo$ithe undisturbed and disturbed litter sampMean and standard deviation).

Litter Weight (kg)

Sample surface area {m

Litter Depth (m)

Bulk Density (kgi)

Undisturbed

0.14 (0.061)

0.1

0.029 (0.011)

51.2628)

Disturbed

0.17 (0.059)

0.1

0.030 (0.014)

60.10G2p.

Table 2: Effects of vegetation, sampling and fegime on the different parameters of litter flamitigb(MANOVA, TTI: time-to-ignition; FD:
Flaming duration; S: Flame spread; RS: Rate ofegpr&H: Maximum Flame height, FT: Flame temperat&€: Percent consumption; *: significant; **: very

significant; ***: highly significant; NS: non sigficant)

logTTI FD S RS FH FT PC
Vegetation ** NS *x NS i NS *
Sampllng * NS Hkk * * kK *kk
Fire regime | NS NS NS NS NS NS NS

Table 3: Comparison of the flammability of undisted and disturbed litter sampl@&an (standard deviation); N: number of sampl&d; fime-to-

ignition; FD: Flaming duration; S: Flame spread;: R&te of spread; FH: Maximum flame height, FT:niatemperature, PC: Percent consumption; W: Mann
Whitney test, NS: non significant)

N | TTI(s) FD (s) S (nb of sides) RS (kih FH (cm) FT (°C) PC (%)
Undisturbed 28 | 61.14 (51.87)| 186.83 (49.10) 3.36 (0.72) 0.040 (0.016) 22.17 (10.38) 61.08 (1.8 82.13 (20.69)
Disturbed 28 | 65.86 (55.30)| 169.75 (78.13) 2.54 (1.10) 0.028 (0.0.22) 17.25 (7.07) 45.87 Q1.4 51.23 (21.45)
Statistical test NS NS W=209; p=0.002 | W=229; p=0.008 W=265.5; p=0.04 W=54p<0.0001 | W=116; p<0.00(

1



4. Discussion

The results of burning undisturbed and disturbttdrlisampled on limestone-derived soils
in Provence showed differences in their relatiaeniinability. The lower combustibility and
consumability values in disturbed litter sampleslddoe due to the artificial compactness
in reconstructed samples performed in order to miime mean litterbed depth recorded in
the field. The intact litter structure and espdgidhe composition in litter components
seemed to be a very important factor in the flamhtgbespecially in the combustibility
and consumability of litter samples. These pararsetsight be underestimated using
reconstructed litter samples; indeed, in these Bzsnpll the litter components are not
present and their proportions differ. However, s@uthors (Kanet al. 2008 ; Ormenet

al. 2009), working on disturbed litter samples, showet litterbed depth had a significant
effect on flame temperature, flame height and sonest, rate of consumption. In addition,
Scarff & Westoby (2006) pointed out the effect dfetlitter packing ratio on the
flammability. Indeed, a better ventilated litterbexdtailed a faster supply of oxygen to the
fire involving a better litter flammability. Bothuél structure and area-volume ratio are also
involved in fire behaviour (Fernandes & Rego 198BBandzija & Lindic 1993). Contrary
to finding herein, Ormefet al. (2009) showed that litterbed depth was likely ipdt
responsible for fire being self-extinguished in @asing the flame propagation. They also
pointed out that fuel flammability may vary accoglito the burning techniques employed
(e.g. epiradiators at different temperatures onimgy tables). However, the flame height in
their study was clearly sensitive to fuel loads #melr arrangements explained differences
between burning techniques.

Regarding the flammability of the disturbed littdre results obtained in this work are quite
different from the results found in the literatufidne burning protocol was different from
the protocol used by Ormef@ al. (2009) or Kaneet al. (2008), but it was the same than
the one used in Ganteaurteal. (2009a). However, the results on flammability paetams
are quite different for the disturbed samples tteat be compared to the type of samples
used by these last authors (longer time-to-ignjtibigher rate of spread, lower flame
height). These differences could be due to therbgémeity of the litter used in this study.
Indeed, in Ganteaunet al.’s samples (2009a), the litter was homogeneoug,camposed
of calibrated pine needles or oak leaves of oneesgmacies. On the contrary, in this work,
the litter was heterogeneous, composed of diffeedrhents, not calibrated, coming from
different species, related to the upper vegetaiype. This litter composition could entail
the strong differences of burning behaviour oflttter samples previously highlighted.

5. Conclusions

The litter sampling was the most significant fastoggarding of the litter flammability. The
undisturbed litter samples always had a better cwtithility and consumability than the
disturbed samples due to the strong influence ef litier packing ratio and of the
proportions of litter components. Indeed, the streecof the undisturbed litter samples was
kept intact and these samples were not artificiedlgonstructed. Even if the sampling of
disturbed litter is easier and faster, this methaglp has to be used carefully according to



what has to be highlighted. Indeed, the reliabibfythe results will differ if the litter
structure or composition is taken into account.

The vegetation type was found to have a signifiefact on the ignitability, the flame
spread, maximum flame height and consumaubilitythistvariable was less significant than
the previous one. The fire regime had no effedhenitter flammability.
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