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Abstract: With recent and predicted increases in the frequency and intensity of wildfires, there is a
pressing need for mitigation strategies to reduce the impacts of wildfires on human lives, infrastructure
and biodiversity. One strategy involves the use of low-flammability plants to build green firebreaks
at the wildland—urban interface. It is common, however, to encounter uncertainty in a diverse
range of stakeholders about the concept of flammability as it applies to plants, which may impede
efforts to identify suitable low-flammability plant species. Here, we provide an approach to identify
low-flammability plant species that integrates three fundamental and relatively easy-to-measure
plant-flammability attributes — ignitibility, sustainability and combustibility — in a way that removes
confusion about the concept of plant flammability. These three intrinsic flammability attributes
relate to each other such that an ideal low-flammability species is one that is slow to ignite, sustains
burning for a short period of time and combusts with low intensity. Consideration is then given to
secondary attributes of plants critical to the selection of low-flammability plants, including attributes
that influence the volume of fuel available for fires and the vertical and horizontal spread of fires.
More work is urgently needed across the world to identify low-flammability plant species using
standardised measurement protocols, and our integrated approach provides a transparent way to
ensure we are selecting the right species, for the right location, in green firebreaks.
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Australia experienced extraordinary wildfires across vast tracts of the landscape during the
summer of 2019-2020 [1]. The loss of human lives, the destruction of homes and the ecological
consequences for native biodiversity can only be described as catastrophic [2]. This wildfire event
has brought to the fore discussions about what might be done to lower the risks of such impacts from
future wildfires [3], particularly in the wildland—-urban interface (WUI). The WUI covers areas of the
landscape where human populations and their homes and infrastructure are in the closest proximity
to natural vegetation. Given that the WUI is the frontline of human-wildfire interactions across the
world, it is a primary target for the application of mitigation strategies to reduce such wildfire risks [4].

The WUI contains low-level urban development nested within a broader region of mostly natural
wildland vegetation [5]. To protect lives, homes and infrastructure at the WUI, the strategic selection of
low-flammability plants to build green firebreaks [6,7] is a landscape approach that has the potential to
slow or stop the progress of wildfires [8]. In wide-ranging discussions with colleagues, land managers
and home garden enthusiasts, however, we commonly encountered confusion about the concept of
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flammability as it applies to plants. As a consequence, there is uncertainty about how to identify
the most appropriate low-flammability plant species in any given setting. Such uncertainty most
likely contributes to some species (e.g., Dodonea viscosa) being described as low-flammability in one
source [9] while listed as high-flammability in another [10]. Therefore, our aim in this perspective
piece is to provide an approach that integrates three fundamental measures of plant flammability
to identify low-flammability plant species, in a way that removes confusion about the concept of
plant flammability, when considering plant species for firebreaks at the wildland—urban interface.
Our approach uses relatively easy-to-measure plant-flammability attributes and provides clarity with
regard to what each attribute represents in terms of the potential for fire spread.

Plant flammability can be measured in a number of ways [11]. We suggest that there are three
flammability properties in particular that need to be considered together when seeking to identify
low-flammability plant species for green firebreaks. These properties include how much time it takes
for a plant to ignite (ignitibility), the length of time over which a plant burns (sustainability) and how
well a plant burns (combustibility) [12]. Ignitibility, sustainability and combustibility describe what can
be referred to as intrinsic flammability attributes, as they characterise the primary burning properties of
plants. Variation in these three flammability attributes is driven by plant traits including, among others,
fuel-moisture content, leaf mass per area, leaf-dry-matter content and volatile compounds [13,14].

Here, we demonstrate that understanding how ignitibility, sustainability and combustibility relate
to each other provides an opportunity, via a functionally integrated approach, to identify potential ‘ideal’
low-flammability plant species (Figure 1). For an ideal low-flammability plant species, as shown in the
hypothetical scenario in Figure 1, the flammability attributes relate to each other such that the species
is slow to ignite, sustains burning for a short period of time and combusts with low intensity (species
colour-coded in blue). In contrast, species that ignite quickly, burn for a long time and burn with high
intensity are the most flammable and ‘non-ideal” species (species colour-coded in red). Measuring the
ignitibility, sustainability and combustibility of a wide range of species and comparatively assessing
the relationships among these three attributes provides the first step in identifying both the ideal
low-flammability plant species for green firebreaks and, at the same time, the most flammable species
that should be avoided.

Using ignitibility and sustainability to identify low-flammability species is important because
time is a critical consideration during wildfire events at the WUI. In terms of ignitibility, a species that
takes a long time to ignite may eventually either not ignite at all, which can help to stop the spread
of wildfires, or it can provide badly needed time for fire-fighting activities such as putting out spot
fires around properties from ember attacks. With respect to sustainability, a species that ignites but
which does not burn for a long period of time further restricts the opportunities for wildfires to spread.
Combustibility is similarly an important measure of plant flammability because species that burn
with low intensity and emit low heat will be critical in slowing down or even preventing the spread
of wildfires.

Once a thorough appreciation of the nature of the relationships among plant ignitibility,
sustainability and combustibility has been obtained, consideration needs to be given to secondary
attributes of plants — beyond the intrinsic flammability properties — that contribute to fire behaviour,
so as to refine the selection of low-flammability plant species for firebreaks. The types of secondary
attributes that need to be considered are those that influence the volume of fuel available for fires and
which contribute to the vertical and horizontal spread of fires. These include volume of litter produced,
presence of decorticating barks, plant-bulk density and ember production [15,16]. With respect to
these secondary attributes, low-flammability plant species are distinguished by the production of
low quantities of litter fuel, possession of non-decorticating bark, the ability to store water and to not
dry out quickly, having low-bulk density and having the production of few (or no) embers likely to
travel easily across large distances. Naturally, this level of understanding of plant flammability has
the potential to be scaled up to the broader landscape and combined with information on vegetation
attributes, such as standing crop and fuel-moisture content [17].
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Figure 1. An integrated approach to identify low-flammability plant species using three
intrinsic plant-flammability attributes. In this hypothetical scenario, each coloured circle
represents the position of species based on relationships among ignitibility, sustainability and
consumability. Ideal low-flammability species (blue) have slow ignitibility, short sustainability and low
combustibility. Non-ideal high-flammability species (red) have fast ignitibility, long sustainability and
high combustibility.

At present, there is limited information in the scientific literature to assess how these three
flammability attributes relate to each other [14,18,19]. We urgently need more work across the world to
determine the nature of these relationships so as to ensure we are selecting the right low-flammability
species for the right location. Flammability research at the leaf scale has shown that sustainability and
combustibility are correlated such that species that burn for short periods also have low combustibility,
consistent with the characteristics of an ideal low-flammability species (60 plant species of fire-prone
woodlands of eastern Australia [19]). However, in that study, ignitibility was negatively correlated
with sustainability, such that species that did not burn for long were actually the quickest to ignite.
At the scale of plant shoots, it is important to understand how this multidimensional relationship
may be shaped by increased plant matter and increasingly complex plant architecture, as this will
have important implications for assessing fire-wise plantings near domestic dwellings. At the shoot
level, positive relationships were found between long sustainability and high combustibility [14],
as well as fast ignitibility and high combustibility, however, as for the leaf level, there appears to be
a decoupling between sustainability and ignitibility [18]. Importantly, standardised measurement
protocols are essential moving forward to allow reliable comparability of low- and high-flammability
species across the world. There is a range of techniques available for measuring plant flammability,
spanning the flammability of small parts (e.g., discs) of leaves, to whole leaves to shoots and whole
plants. In the context of green firebreaks, the seminal work by Jaureguiberry et al. (2011) [20], which
described a device for the standard measurement of shoot flammability, appears to be gaining traction
in work comparing the flammability of various plant species in a way that captures variation in plant
architecture [14,18].
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The early evidence that, in some cases, some pairs of flammability attributes (e.g., ignitibility and
sustainability) do not align to produce ideal low-flammability species means that low-flammability
species may need to be selected on the basis of a preferred flammability attribute. In other words, the
ideal low-flammability species that possesses all three attributes at the low end of their flammability
ranges may not exist in some circumstances. Here, species that ignite quickly might be selected because
they do not burn for long and thus are unlikely to contribute to continued fire spread. In contrast,
species that take a long time to ignite might be selected because they provide a longer window of time
to extinguish flame, despite burning for a long time once alight. At this stage, it is not known how far
down this path of trading off flammability attributes such as ignitibility and sustainability we need to
progress, as the empirical evidence is not currently available. Much more plant flammability testing is
required, and in situations where ideal low-flammability species cannot easily be identified, strategic
decisions will need to be made as how to best deal with the trade-offs described above.
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