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Abstract

The severity of fire can be understood as the level of change caused by a fire to a location. Considering
the importance of fire in the Cerrado biome, the objective of this work was to evaluate the fire severity,
expressed through suppression of the aerial part of the vegetation (topkill), in Cerrado environment. The
research was performed at the ecological station Estacdo Ecoldgica Serra Geral do Tocantins, Jalapédo region,
Brazil. At areas with two, three and four years without occurrence of forest fires, identified by satellite images,
prescribed burns were performed in the months of May, June, August and September of 2017. The fire
severity was determined through the variation of the total number of individuals before and after the fire
passage. At areas with four years with no occurrence of fires, regardless of the month in which the prescribed
firing occurred, topkill values did not differ statistically (45 to 56%). The three-year areas presented higher
topkill values in September (66%); and the areas of two years presented the highest rates in August (62.8%).
At conditions with greater accumulation of fuel material, due to the time without occurrence of fires, the
period of the controlled burn (beginning of the drought or end of this season) did not influence the topkill
rate of the vegetable individuals. Topkill rates among areas with different periods without burning varied
only in September. The values of three and four-year areas (66 and 52.3%, respectively) did not differ from
each other (p> 0,05) and were higher than rates at areas of two years with no occurrence of fire (38%). The
distinction of topkill rates at locations with different periods without occurrence of fires was only possible
when the prescribed burn was performed at the end of the dry season in Cerrado; that is, the period that the
climatic conditions contribute to lower air moisture content and forest fuels, thus increasing the burning
efficiency.

Keywords: burn severity; fire severity; forest fires.

1. Introduction

The consumption of forest fuels, below and above the ground, is commonly titled as fire severity;
and largely reflect fire intensity (Knox; Clarke, 2016).

The fire severity may reflect the variation of the dynamics of plant population and vegetation
mortality; therefore, its measurement and recording are important (Keeley, 2009; Knox; Clarke, 2016).

The main factors that determine the intensity and severity of a forest fire are associated with the
topography of the terrain, fuel characteristics and meteorological conditions at burning moment
(Clarke et al., 2014; Lecina-Diaz et al., 2014; Soares et al., 2017).

In Cerrado, the drought commonly intensifies itself in early May and extends until mid-October,
and the fuel accumulation is associated to the frequency of fires. In general, in Savanna environments,
fire intervals of two to three years are common (Coutinho, 1990; Russell-Smith et al., 1997).
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The drought and fuel accumulation are important regarding level of fire severity. The suppression
of the aerial part of the vegetable (topkill) has been used as a measure to evaluate the level of severity
of forest fires in diverse researches in the world (Hoffmann; Solbrig, 2003; Nicholson et al., 2017).

The objective of this work was to evaluate the influence of the fire frequency and the period of
burning about the variation of topkill rates in Cerrado of dirty field type.

2. Methods

The work was developed at the ecological station Estacdo Ecologica Serra Geral do Tocantins
(EESGT), Jalapéo region, Brazil. The area is a domain area of the Cerrado biome, composed,
predominantly, by Campo Limpo and Campo Sujo. There are predominance of soils of the type
Entisols; they can be leptsols (lithic entisol), fluvisols (fluvent entisol) and regosols (Psamment and
Orthent entisol). The relief is relatively flat, with declivity equal or superior to 5%; annual average
temperature of 26° C; annual mean rainfall of 1500 mm (Tocantins, 2012; MAPA, 2018b).
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Figure 3 - Distribution of Experimental Areas at EESGT.

For the experiment, plots were established in areas with two, three and four years without
occurrence of forest fires, identified through satellite images, where were performed prescribed burns
in the months of May, June, August and September of 2017.

The treatments were composed of two factors: years without occurrence of fires versus season of
prescribed burns). They were evaluated in four plots of 30 x 30 m, totaling 48 sample units randomly
distributed at burning locations.

At each plot, for 20 possibilities, four sub-plots of 1 m? were randomly drawn (Figure 2) and all
vegetables up to 20 mm of diameter were counted — before and after the forest fire. The percentage of
individuals whose aerial part was consumed by fire was considered as Topkill Rate — which was
calculated with the following equation:

IBF — IAF
R = Q 10

0
IBF
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Being: TR — Topkill rate; IBF - number of individuals before fire; IAF — number of individuals
after fire.

The forest fuel available for combustion (up to 1,8 m) was quantified in 8 samples of 0,25 mz,
randomly established at plot; and classified as living and dead material and as type (herbaceous). The
material collected was dried in an oven at 70 °C for 72 hours, weighed and its value converted to kg.m-
2.

The speed of fire propagation and the flame length were registered at the moment of fire front
passage, based on 2,5 m height rulers, fixed to the plot and equidistant 3 m one from the other,
perpendicular to the line of fire.

In order to statistically analyze the data, the test of normality was applied, followed by the factorial
analysis of variance (years without fires versus season of prescribed burns) and the Scott-Knott test (p
> 0,05).

3. Results
3.1. Forest fuel and fire behavior

The total biomass and herbaceous biomass available at areas with 2, 3 and 4 years without fires
follow a pattern: load increase throughout time without occurrence of burning; and besides that, they
present a predominance of dead vegetation (Table 1).

Table 1 - Characteristics of biomass among areas with different historical of the last burning and the fire behavior at
each month of prescribed burns.

Fuels characteristics
Fire frequency

Biomass (kg.m)

2 years 3 years 4 years
Total 0,55 (0,051) 0,62 (0,032) 0,64 (0,039)
Living 0,26 (0,025) 0,25 (0,019) 0,28 (0,031)
Dead 0,30 (0,038) 0,37 (0,024) 0,37 (0,020)
Total herbaceous 0,24 (0,024) 0,24 (0,014) 0,27 (0,019)
Living herbaceous 0,10 (0,010) 0,08 (0,006) 0,09 (0,010)
Dead herbaceous 0,14 (0,019) 0,16 (0,013) 0,18 (0,012)

Fire behavior

Season Speed of propagation (m.s)  Flame length (m)
1 (Maio) 0,20 (0,047) 2,51 (0,390)
2 (Junho) 0,20 (0,031) 2,60 (0,282)
3 (Agosto) 0,17 (0,045) 2,26 (0,264)
4 (Setembro) 0,41 (0,036) 3,68 (0,211)

Values in parenthesis correspond to the standard error of the mean.

Among the different burning steps, the speed of propagation presented values from 0,17 to 0,41
m.s-1 (Table 1), being classified as extreme speed (Botelho; Ventura, 1990); and the flame length
during burnings had values from 2,26 to 3,68 m.

3.2, Climate during research

The monthly averages of meteorological variables considering the research period (Table 2) show
that climate conditions varied among months with controlled burns, with May and June being both the
most humid and with the lowest temperatures; August and September were both the hottest and the
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driest months. At Corredor Ecoldgico da Regido do Jalapao (Ecological Corridor of Jalapdo Region),
the aforementioned characteristics are the normal conditions of beginning (May and June) and end
(August and September) of the dry season, respectively (MMA, 2013).

Table 2 - Meteorological conditions during the period of the research (MAPA, 2018a).

Relative

Temperature - Wind Radiation Rainfall
Month/2017 o humidit R
(°C) o) s ) (mm)
May 25,71 69,22 161,39 821,28 0,02
June 24,38 59,22 151,13 801,36 0,01
August 26,66 39,76 135,01 888,65 0,00
September 29,48 34,40 96,08 1380,42 0,00

Only the average monthly precipitation did not differ by among months, being, actually, minimum
and typical for the period at the study area. The climatic variability and forest fuel are the main
determining factors of the fire behavior and, thus, are important for the dynamic comprehension of
severity of fire under distinct conditions (Kane et al., 2015; Soares; Batista; Tetto, 2017).

3.3. Topkill

The evaluation of severity of fire in vegetation through topkill rate and the percentage of reduction
of the number of vegetable individuals after burning show that (Table 2), among areas with different
years without burning, the variation occurred only in September. The values of areas of three and four
years without forest fires (66,0 and 52,3%, respectively) did not differ by among them (p> 0,05) and
were higher than rate at areas with two years without fires (37,8%). At the end of dry season,
considering an area with seven yours without burnings, Hoffman and Solbrig (2003) verified topkill
rates of 100%. Thus, it is observed that in burnings performed at the end of dry season, topkill rates
tend to increase at areas with higher period of fire suppression.

Table 3 - Topkill rate of vegetation (%)

Fire frequency

Month

2 years 3 years 4 years
May 29,5 Ab 32,3 Ab 45,0 Aa
June 38,0 Ab 43,5 Ab 56,0 Aa

August 62,8 Aa 43,8 Ab 48,8 Aa

September 37,8 Bb 66,0 Aa 52,3 Aa

Different letters indicate the statistical difference at 5% significance through Scott-Knott test; being capital letters
comparing years without fires and lowercase letters the months of burning.

This variation observed only in September may be associated to the higher fuel load at areas of
three and four years without burning (Table 1) and the meteorological conditions more propitious to
burning of higher severity: greater air temperature (29,48 °C), lower relative air humidity (34,40%)
and higher incidence of solar radiation (1380,42kJ/m?2) (Table 2). These factors contributed for higher
speed of fire propagation (0,41m/s) and larger flame length (3,68 m) (Table 1).

At areas with two years without burning, the topkill rate was higher in August (62,8%). This
condition may be associated to a possible higher residence time of fire, in function of reduction of
wind speed in this period (Table 1). According to Cochrane et al., (1999), the residence time
contributes for increase on damage to vegetation. Besides that, the areas with two years without
burning presented part of the vegetation with tender and thin stems, great part sprouted from the last
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fire, facilitating the consumption by fire at conditions of higher residence time. On the contrary,
individuals with larger diameter stems and thicker bark tend to be more resilient to fire (Hoffmann;
Solbrig, 2003; Hoffmann et al., 2009; Moreira et al., 2009).

At areas with three years without burning, the highest topkill rates occurred in September (66%).
These values are linked to the extreme drought conditions in this period (Table 2) which contributed
for the largest flame length (Table 1).

Areas with four years without burning presented values between 45% and 56%, which did not differ
by statistically among them (p> 0,05). These results show that at areas with higher accumulation of
fuel material, due to period of time without burning occurrences, the period of burning (beginning or
end of the dry season) was not capable of differentiating topkill rates. From the fire triangle (fuel, heat
and oxygen), the fuel is, probably, the most complex component, since it varies in quantity, geometry,
density, continuity and chemical characteristics (Parsons et al., 2016; Soares et al., 2017). May the
homogeneity of topkill rates at areas of four years without burning be associated to the higher fuel
quantity in comparison to the areas with three and two years (Table 1). These factors favored a more
homogeneous behavior of fire in these areas.

4. Conclusion

Only at areas with four years of fuel accumulation there was not variation in topkill rates throughout
the months of burning. Regarding the comparison among areas with two, three and four years of fuel
accumulation, difference was only observed in September — the end of the dry season.
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