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 Background: Eucalyptus spp. is the most used species in Brazil for reforestation 

purposes, with approximately 72% of the total area of forests planted in the country. In 

the Mato Grosso State, there is a significant increase in Eucalyptus plantation - between 
2007 and 2012 there was a growth of 271% of the planted area, rising from 50,442 to 

187,090 hectares, respectively. The use of eucalyptus forest from several factors such 

as the reduction of natural remnants, environmental restrictions for the exploitation of 
native species, and technological advances in silvicultural and industrial aspects. In this 

context, the prescribed burns are practices of management used in different types of 

vegetation and widespread in several countries. However, to carry out such practices 
safely and effectively is fundamental knowledge of fire behavior. Objective: In this 

paper, we evaluated the fire behavior in prescribed burnings (PB) in Eucalyptus 

urograndis (Clone H13) forest with 4.5-year-old, during the dry season of 2015 (from 
May to September) in the Cerrado-Amazon Transition Zone (Sorriso County, Mato 

Grosso State, Brazil). Evaluated the influence of following environmental interfaces: 

eucalypt/crop (EC), eucalypt/native forest (EF) and center of the eucalypt field (EE). 
The PB was performed in 3.0 x 20.0 m plots, between 11:00 a.m. and 01:00 p.m.; was 

assessed the fire progression time, flame length and instantaneous micrometeorological 

variables. Results: The PB in EF interface have shown mean fire propagation speed 
0.37 m.min-1, flame length 0.67 m and fireline intensity 200.4 Kw m-1; they interfaces 

consumed approximately 92.7% of the combustible material available. The EC and EE 

interfaces have presented similar influences on the fire behavior variables. August and 
September have shown the highest fire propagation speed and flame length values due 

to relative humidity decrease, as well as to air temperature and wind speed increase. 

Conclusions: For eucalypt  forest areas in Mato Grosso State, it is recommended 
conducting prescribed burnings in July, by adopting the EF-EE-EC interface sequence 

in the field. The EF forest interface has provided the lowest fire propagation speed, 

flame length and fireline intensity. August and September can be considered "critical 
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period" for the execution of prescribed burns as a function of meteorological conditions 

(high air temperatures, low relative humidity and high wind speeds).  

 

INTRODUCTION 

 

Fire is a natural element present in all forest ecosystems and influencing many of its functions such as 

regulating plant succession and wildlife habitat, recycling of nutrient, maintaining biological diversity, reducing 

biomass and controlling insect and disease population (Torres et al., 2016). Although fire does have beneficial 

impacts on many natural forest ecosystem processes (Brazilian Cerrado). The negative impacts include air and 

water pollution, loss of biodiversity, land degradation, desertification, soil erosion, impairment of human health 

and safety as well as loss of human life.  

The prescribed burning (PB) is one of the most debated land management techniques, particularly impacts 

on forest soil and nutrients, forest structure, seed banks, understory vegetation and overstory trees mainly in 

terms of productivity (Battipaglia et al., 2016). The use of PB stands out among the techniques used to reduce of 

fires impacts in forest plantations. PB may be defined as the meticulous use of fire in a predetermined site, 

within a pre-established interval of meteorological conditions, based on the combustible material features, in 

order to favor forest management and to keep local security within the acceptable limits (Ribeiro, 1997; Soares 

and Batista, 2007; NWCG 2008).  

However, it is necessary understanding the factors influencing the dynamics of the predominant variables 

concerning fire behavior in order to PB use as a vegetation management tool in fire-prone areas (Fernandes et 

al., 2002).  

Overall, the fire behavior may be considered the core element of forest fire management in any part of the 

world, since it describes the main forest material combustion features and results from the interaction among 

meteorological conditions, combustible material and topography (Agee, 1996; Seger et al., 2013; Torres et al., 

2016). Therefore, the primary variables that quantify and characterize fire behavior are fire propagation speed, 

fireline intensity, flame length and energy release rate. These variables, in combination with the post-fire 

combustible material consumption rate, help quantitatively assessing forest fires.  

Some studies have been conducted in order to characterize combustible materials, as well as fire behavior, 

in eucalypt plantations (Mccaw et al., 2008; Hollis et al., 2011; Fernandes et al., 2011; Gould et al., 2011; 

White, 2014; White et al., 2014; Canzian et al., 2016). However, the concern with the underestimation of fire 

propagation speed and flame length under different climatic conditions and/or environments remains (Gould et 

al., 2007; Mccaw et al., 2008).  

Studies about experimental PB under field conditions provide reliable technical and scientific subsidies to 

the adaptation and improvement of firefighting techniques, tactics and intensity. These studies also help defining 

firefighters’ readiness level, the strategic positioning of fire suppression logistic devices in the site, among 

others, since they analyze the real interrelationships between variables influencing fire behavior (Batista and 

Soares, 1995; Beutling et al., 2012).  

In light of the foregoing, the aim of the current study is to analyze the fire behavior in the prescribed 

burnings of surface combustible materials at Eucalyptus urograndis (Clone H13) forest with 4.5-year-old, 

conducted during the dry season (from May to September), in different environmental interfaces, in the Cerrado-

Amazon transition zone, Mato Grosso State. The idea is to help directing the efficient litter and/or vegetation 

management as a way to reduce the danger of fire. 

 

MATERIALS AND METHODS 

 

The controlled burnings were carried out at Santo Antônio Farm (owned by the Company Brasil Foods - 

Lucas do Rio Verde Unit), which is located in Sorriso County, in the Brazilian Mid-Western region. This is a 

geographic mesoregion of Mato Grosso State considered as Cerrado-Amazon transition zone. The plots were set 

at latitude 12°32'43" S and longitude 55°42'41" W, at mean altitude 365 meters and flat topography (Figure 1). 

The experimental area was planted with 4.5-year-old Eucalyptus urograndis (Clone H13). The trees were 

planted 3.0 x 3.0 m from each other (line x interline). The experimental area borders a crop area (soybean/corn 

and cotton) on its Western side and a forest remnant (mean height 15 m) on its Eastern side. The plots were set 

in order to assess the influence these interfaces (borders) have on fire behavior. 

According to Köppen's classification, the climate in the region is Aw (tropical hot and humid), which is 

characterized by two well-defined seasons, namely: rainy (October to April) and dry (May to September). It 

presents low annual temperature amplitude (monthly mean temperature ranging from 24°C to 27°C) and mean 

annual rainfall of approximately 1974 mm (Souza et al., 2013). 
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Fig. 1: Location of the experimental area and municipality of Sorriso, Mato Grosso State, Brazil (A); and 

distribution of environmental interfaces in the experimental area (B) 

  

The experimental design has followed a randomized block design, with factorial arrangement 4 x 3 (months 

x positions in the stand) and three repetitions (Figure 2). The controlled burnings were carried out between June 

and September. The positions in the stand were set as EC (plots 30m away from the border with the 

soybean/cotton crop), EE (plots in the center of the eucalypt stand) and EF (plots 30m away from a native 

forest). The plots were delimited according to their level, at dimensions 3.0 x 20.0 m (width x length), and 

followed the planting alignment, using 1.0 m firebreaks in all interfaces. 

 

(A) 

(B) 
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Fig. 2: Prescribed burning in eucalypt/native forest interface (A); and prescribed burning in eucalypt/crop 

interface (B). Both figures detail the three replicates (burning occurring at the same time) and the 

difference of herbaceous material 

 

The combustible material was quantified through destructive sampling by adopting the following 

combustible material classification: live combustible material (herbaceous live plants - HLP) and dead "dry" 

combustible material. The dry material was grouped as dry material with diameter lower than or equal to 0.70 

cm (DM1), dry material with diameter between 0.71 and 2.50 cm (DM2) and dry material with diameter 

between 2.51 and 7.60 cm (DM3).  

The DM1 was subdivided in two subclasses - "Leaves" and "Branches" - to analyze the specific vegetal 

component contribution to the total combustible material and to fire behavior. After the sample was collected 

and classified, and the fresh mass determined, the subsamples representing each combustible material class (100 

g) were taken in order to determine dry mass and moisture content, which were obtained by drying the samples 

in forced air circulation oven, at ± 65°C, until constant mass was reached. 

The headfire technique was used throughout the whole experiment (all months) and similar burning times 

per plot were established as a way to reduce the errors caused by the sampling time found in each treatment. The 

PB were carried out in the last weekend of each month, except for one, which was held on September 19th, 

because there was strong rainfall indication for the end of the month, fact that could significantly influence the 

results. 

The variables and collection procedures that met the internationally adopted standards recommended by 

several authors were recorded during the PB (Burrows, 1999; Fernandes et al., 2011; Gould et al., 2011; Hollis 

et al., 2011). Thus, the following variables were monitored and recorded: 

a) fire propagation speed – visually obtained by determining the time required for the fireline to travel 

lengthwise the 2m distances previously demarcated in each plot;  

(B) 

(A) 



64                                                                  Leandro Jorge de Souza Alves et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(4) March 2017, Pages: 60-71 

 

b) flame length - visual estimation of the mean height reached by the flames, every 2 m of fireline 

progression, using a rod graduated in centimeters;  

c) meteorological variables - instantaneous measurements of air temperature (Tar), relative humidity (RH), 

wind speed and direction using five-minute interval storage in an automatic meteorological station (Instrutemp 

Weather Station model);     

d) Byram (1959) fireline intensity found through equation 1. 

I = H.w. r                                                        
where:  

I – fire intensity (kW s-1);  

H – heating value (kJ kg-1) = 21.000 kJ kg-1  “for dry mass, according to Fernandes et al. (2011); 

w – burned combustible material mass (kg m-2);  

r – fire propagation speed (m s-1).  

 

RESULTS AND DISCUSSION 

 

Table 1 shows the mean values of the meteorological variables monitored during the PB, except for the in 

May, 2015. The EF position was influenced by the environmental interface (native forest plants showing height 

similar to that of eucalypt plants) and showed the lowest mean wind speed and gusts, regardless of the time 

during which the controlled burning was conducted. 

 
Table 1: Mean air temperature, relative humidity and wind speed during the prescribed burnings conducted in E. urograndis (Clone H13) 

forest with 4.5-year-old, at different months of the year 2015 and in different environmental interfaces  

Environmental interfaces June July August September 

Mean wind speed (m s-1) 

EC 0.50 Ac 0.48 Ac 0.76 Ab 1.26 Aa 

EE 0.41 Ac 0.49 Abc 0.64 ABa 1.07 Ba 

EF 0.24 Bb 0.16 Bb 0.56 Ba 0.46 Ca 

Wind gusts (m s-1) 

EC 0.94 Ac 0.91 Ac 1.33 Ab 1.86 Aa 

EE 0.93 Ac 0.99 Abc 1.22 Ab 1.61 Ba 

EF 0.63 Bb 0.55 Bb 1.14 Aa 0.94 Ca 

Air temperature (ºC) 

EC 29.62 Cd 32.99 Ac 36.13 Ab 40.01 Aa 

EE 32.29 Ad 32.97 Ac 36.77 Ab 39.69 Aa 

EF 30.39 Bc 27.94 Bd 32.67 Cb 37.68 Ba 

Relative humidity (%) 

EC 48.60 Aa 21.70 Cb 17.47 Bc 10.10 Bd 

EE 38.07 Ca 25.17 Bb 17.90 Bc 10.70 Bd 

EF 44.00 Bb 53.57Aa 30.83 Ac 15.40 Ad 

Means followed by the same uppercase in the column and by the same lowercase on the line did not differ from each other in the Tukey test, 

at 5% probability. EC (plots in the eucalypt/crop interface), EE (plots in the center of the eucalypt stand) and EF (plots in the eucalypt/native 
forest interface). 

 

Establishing the fire behavior variables through experimental PB provides the necessary subsidies to set 

forest fire prevention plans to be applied to forest plantations. Overall, the term fire behavior is used to describe 

the main combustion features of forest materials (Seger et al., 2013). Such behavior results from the interaction 

among meteorological conditions, combustible material features and topography; all factors composing the "fire 

behavior triangle" (Agee, 1996). Despite the broad scope the term comprises, in general, it is used to describe 

human-scale perceptible features such as fire progression and dimension. 

The meteorological variables can be classified in two groups, according to the factors influencing the fire 

propagation: i) variables influencing the likelihood of combustible material ignition, as well as influencing this 

material moisture (such as rainfall, RH and Tar); (ii) variables affecting the fire propagation speed. These 

variables influence the amount of oxygen required for combustion and for the heat transfer process (wind 

direction and speed). 

The differences between EC and EF interfaces mainly resulted from differences between plant height and 

plants’ aerodynamic interactions with the air and with the energy balance components. The highest wind gust 

values were recorded in August and September. These wind gusts are relevant because they may cause sudden 
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flame length and fire propagation speed increase, and it may lead to loss of fire control. Overall, the wind speed 

may be affected by the surface roughness (vegetation, buildings, mountainous relief, etc.) and by the vertical 

distance above the surface wherein such roughness is measured. Wind speed and direction fluctuations make 

fire behave irregularly in the area, whereas high wind speed values suggest the need of establishing a broader 

safety area (Fernandes et al., 2002). 

The wind speed increase leads to increased fire propagation speed rate, flame length, fire intensity and, 

consequently, to more dangerous fires. The PB in eucalypt-planted areas should be carried out under safe 

conditions in order to generate low fire intensity and flame length (Fernandes et al., 2002). In addition, the ideal 

interval between burnings comprises 3-10 Km h-1 wind speed, 20-50% RH, and 10-25°C Tar (Marsden-

Smedley, 2009; Fernandes and Loureiro, 2010). 

Based on such assumption, it is possible seeing that the burnings were conducted under non-recommended 

Tar and RH conditions. However, the wind speed was adopted as reference criterion. The RH values in 

September were below the lower limit and the Tar values were above the upper limit, fact that indicated a 

situation of extreme danger (Marsden-Smedley, 2009).  

The EF interface has led to higher RH and lower Tar means in comparison to those found in EC and EE, 

due to the native forest influence on the water vapor concentration and/or on the local energy balance. The Tar 

had little influence on the fire. However, when the Tar was significantly reduced to dew (proximity between the 

current and water vapor saturation pressures), there was moisture content increase in the combustible material 

and the fire behavior level has decreased. These conditions had great influence on the firefighters’ fatigue, 

dehydration risk and firefighting management ability (Marsden-Smedley and Sherriff, 2014). 

The RH has indirectly interfered in the fire behavior by affecting the equilibrium moisture content in 

combustible materials (Brown and Davis 1973), mainly when the RH was lower than 30%, since embers tend to 

remain lit for long periods, thus resulting in higher fire potential (Marsden-Smedley and Sherriff, 2014). 

 There was no occurrence of DM3 and live woody materials regardless of the plot. The lowest total dry 

combustible material load means (Table 2) were recorded in July and in EC, whereas the highest means were 

recorded in September and in EF. Marsden-Smedley (2009) have pointed out that the danger of forest fires is 

extremely high in eucalypt plantations presenting total combustible material between 12 and 20 t ha-1. Thus, it is 

necessary strategically managing the combustible material reduction through mechanical means or PB. 

 
Table 2: Dry weight (t ha-1) of combustible material of the E. urograndis (Clone H13) forest with 4.5-year-old, at different months of the 

year 2015 and in different environmental interfaces 

Environmental interfaces May June July August September 

DM1 class (diameter ≤ 0.7cm) 

EC 8.16 Bc 8.28 Bc 8.01 Bc 10.34 Bb 14.35 Aa 

EE 8.58 Bc 9.18 Bc 8.03 Bc 10.79 ABb 12.70 Ba 

EF 10.36 Abc 11.42 Aab 9.34 Ac 11.61 Aa 11.54 Cab 

DM2 class (0.7cm < diameter ≤ 2.5cm) 

EC 3.94 Aa 4.01Ba 3.83 Aa 2.77 Ba 3.56 Ba 

EE 3.88 Aa 3.87 Ba 3.87 Aa 3.57 ABa 3.89 Ba 

EF 4.88 Aa 5.30 Aa 4.45 Aa 4.55 Aa 5.49 Aa 

Herbaceous Material 

EC 0.004 Ba 0.003 Ba 0.005 Ba 0.002 Ba 0.021 Ba 

EE 0.006 Ba 0.0099 Ba 0.008 Ba 0.005 Ba 0.044 Ba 

EF 0.29 Ab 0.283 Ab 0.23 Ab 0.20 Ab 0.55 Aa 

Total Dry Matter 

EC 12.11 Bb 12.29 Bb 11.84 Bb 13.11 Bb 17.93 Aa 

EE 12.46 Bbc 13.05 Bbc 11.92 Bc 14.36 Bb 16.63 Aa 

EF 15.51 Aab 16.99 Aa 14.02 Ab 16.36 Aa 17.57 Aa 

Leaves 

EC 4.64 Bc 4.89 Bc 4.36 Bc 6.27 Ab 8.68 Aa 

EE 5.05 Bc 5.42 Bc 4.74 ABc 6.27 Ab 7.83 Ba 

EF 6.04 Ab 7.02 Aa 5.12 Ac 6.71 Aab 7.05 Ca 

Means followed by the same uppercase in the column and by the same lowercase on the line did not differ from each other in the Tukey test, 
at 5% probability. EC (plots in the eucalypt/crop interface), EE (plots in the center of the eucalypt stand) and EF (plots in the eucalypt/native 

forest interface). 

 

The mean moisture of all combustible material classes was higher in the EF treatment, in all months, 

whereas the EE and EC means differed in the DM2 class (Table 3). The HLP class has presented moisture 

content between 30% and 70.06%. Overall, this class has damping effect on fire behavior because it reduces fire 



66                                                                  Leandro Jorge de Souza Alves et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(4) March 2017, Pages: 60-71 

 

propagation speed and flame length (Agee 1996). Such fact corroborates the findings in the present study, since 

the moisture content is the most important property controlling the likelihood of the combustible material to get 

ignited (Rego and Botelho, 1990; Blaw et al., 2015). 

 
Table 3: Moisture content (percentage) of combustible material of the E. urograndis (Clone H13) forest with 4.5-year-old, at different 

months of the year 2015 and in different environmental interfaces. 

Environmental interfaces May June July August September 

Folhas 

EC 8.40 Aa 9.53 Aa 7.48 Ba 7.36 Aa 5.05 Bb 

EE 8.42 Aab 6.50 Bbc 9.33 Ba 8.38 Abc 5.30 Bc 

EF 10.06 Aab 8.51 Abc 11.34 Aa 8.77 Abc 7.56 Ac 

Branches d < 0.7 cm 

EC 8.62 Ba 8.96 ABa 8.71 Ba 7.94 Aa 5.49 Bb 

EE 9.13 Bab 8.62 Bab 10.03 Ba 8.26 Ab 5.76 Bc 

EF 11.08 Aab 10.06 Abc 12.08 Aa 8.67 Acd 7.77 Ad 

DM1 class (d < 0.7cm) 

EC 8.51 Ba 9.25 Aa 8.09 Ca 7.65 Aa 5.27 Bb 

EE 8.77 Bab 7.56 Bb 9.68 Ba 8.32 Aab 5.53 Bc 

EF 10.57 Aab 9.29 Abc 11.71 Aa 8.72 Acd 7.66 Ad 

DM2 class (0.7cm < d < 2.5cm) 

EC 8.67 Ca 9.89 Ba 9.33 Ba 8.24 Aa 5.95 Bb 

EE 10.31 Bab 9.59 Bab 11.07 Aa 8.74 Ab 6.20 Bc 

EF 12.01 Aa 11.67 Aa 12.40 Aa 8.68 Ab 8.56 Ab 

Herbaceous Material 

EC 83.48 Aa 46.19 Bb 77.10 Aa 11.23 Bd 8.56 Bd 

EE 53.00 Ba 47.85 Ba 40.55 Ba 9.87 Bb 0.85 Cc 

EF 86.43 Aab 95.13 Aa 78.47 Aab 69.30 Ab 20.95 Ac 

Where: “d” is the diameter (cm). Means followed by the same uppercase in the column and by the same lowercase on the line did not differ 
from each other in the Tukey test, at 5% probability. EC (plots in the eucalypt/crop interface), EE (plots in the center of the eucalypt stand) 

and EF (plots in the eucalypt/native forest interface). 

 

Table 4 shows the mean values of variables linked to fire behavior in the study site. The highest fire 

propagation speed values were found in September, in each position in the stand (mean fire propagation speed 

0.72 m min-1). The means recorded in May and June did not differ from each other and were the lowest ones. 

With respect to the position in the plantation, the highest fire propagation speed values were found in EC (0.62 

m min-1) and EE (0.61 m min-1). 

Ribeiro (1997) has described the fire propagation speed in PB conducted in Eucalyptus viminalis 

reforestations in Santa Catarina State, Brazil, during autumn (2.63 m min-1) and spring (2.20 m min-1). White 

(2014) has conducted experimental laboratory burnings in Eucalyptus ssp. and found mean fire propagation 

speed 0.46 m.min-1 and maximum propagation 3.13 m.min-1. Smith et al. (2004) have reported fire propagation 

speed 1.0 m.min-1 in Eucalyptus marginata plantations. Burrows (1999) has found mean fire propagation speed 

1.22 m.min-1 in Eucalyptus marginata plantations. Thus, the herein obtained data corroborate findings about 

other species belonging to the genus Eucalypyus grown in different regions. 

According to Brown et al. (1982), the amount and distribution of surface combustible materials have 

influence on different fire behaviors throughout the plantation. According to the surface fire-propagation model 

by Rothermel (1972), the lower the density, the higher the fire propagation speed. The results found in the EF 

interface corroborate the inverse relation between speed and density, since this position presented the highest 

combustible material density values and the lowest fire propagation speed values, when it was compared to EE 

and EC interfaces. 

 
Table 4: Fire speed (S), flame length (L), duration (T), fire intensity (I) and percentage of combustible material consumed by prescribed 

burnings in E. urograndis (Clone H13) forest with 4.5-year-old, at different months of the year 2015 and in different 
environmental interfaces 

Environmental interfaces May June July August September Mean 

S (m min-1) 

EC 0.60 Ac 0.40 Be 0.71 Ab 0.52 Bd 0.87 Aa 0.62  
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EE 0.44 Bc 0.47 Ac 0.61 Bb 0.74 Aa 0.77 Ba 0.61  

EF 0.29 Ccd 0.41 ABb 0.26 Cd 0.36 Cbc 0.52 Ca 0.37  

Mean 0.45  0.43  0.53  0.54  0.72   

L (m) 

EC 1.09 Ab 0.69 Bc 0.99 Ab 1.12 Ab 1.33 Aa 1.04  

EE 0.76 Bc 0.93 Ab 1.03 Ab 1.02 Ab 1.28 Aa 1.00  

EF 0.60 Cb 0.74 Ba 0.62 Bab 0.70 Bab 0.72 Bab 0.67  

Mean 0.81 0.78  0.88  0.95 1.11   

T (min) 

EC 34.5 Cb 48.5 Aa 31.9 Bbc 37.8 Bb 23.7 Bc 35.3  

EE 51.7 Ba 39.5 Bb 36.3 Bbc 32.6 Bbc 27.2 Bc 37.5  

EF 66.8 Aab 50.9 Ac 73.5 Aa 57.2 Abc 39.8 Ad 57.6  

Mean 51.0  46.3  47.2  42.5  30.2   

I (KW m-1) 

EC 273.26 

Abc 
161.58 Ac 313.24 Ab 257.41 Bbc 578.19 Aa 316.74  

EE 187.87 

ABb 
198.84 Ab 272.64 Ab 410.63 Aa 444.04 Ba 302.20  

EF 143.72 

Bb 
238.74 Aab 114.54 Bb 200.73 Bab 304.32 Ca 200.41  

Mean 201.62  199.72  233.47  289.59  441.18   

Combustible material consumed (%) 

EC 97.97 Aa 97.89 Aa 97.83Aa 98.15 Aa 98.18 Aa 98.01  

EE 94.68 Ba 94.69 Ba 94.60 Ba 95.62 Ba 95.44 Ba 95.01  

EF 92.77 

Cab 
93.21 Ca 92.01 Cb 93.21 Ca 92.30 Cab 92.70  

Mean 95.14  95.26  94.81  95.66  95.31   

Means followed by the same uppercase in the column and by the same lowercase on the line did not differ from each other in the Tukey test, 
at 5% probability. EC (plots in the eucalypt/crop interface), EE (plots in the center of the eucalypt stand) and EF (plots in the eucalypt/native 

forest interface). 

 

The fire intensity may also be associated with the HLP class, since the lowest intensity values were found in 

the EF position (220.41 kW.m-1), which has presented the highest amount of herbaceous material. Table 4 

describes the fire intensity (I) and post-fire consumed material values; the mean fire intensity values found in 

EC and EE were statistically the same. 

The highest combustible material density, fire propagation speed and flame length in each position in the 

stand were recorded in September. This behavior was associated with the combustible material moisture and 

with the wind speed at flame height, mainly in EE and EC interfaces. Some authors state that the fire 

propagation rate is correlated with the structure, composition and density of the combustible material (Gould et 

al. 2007, Marsden-Smedley, 2009). 

The wind direction may also influence the fire propagation speed. According to Ribeiro (1997), the headfire 

speed in eucalypt plantations may be higher than the backfire speed; it is 3.6 and 3.7 times higher in spring and 

autumn, respectively, on average. Brown and Davis (1973) have stated that most controlled headfires propagate 

from 3.3 to 6.6 m min-1. In practice, fire propagation speed is the only variable among the three ones used to 

calculate the fireline intensity able to be managed either through the burning technique or through the 

monitoring of combustible material moisture (Ribeiro, 1997). 

The mean fire propagation speed found in the current study can be classified as "slow", according to the 

scale by Botelho and Ventura (1990). According to the classification adopted by The Scottish Government 

(2011), it is classified as "very slow" because it is in the range between 0.3 and 1 m.min-1; the mean value 3 

m.min-1 is considered ideal to be used in prescribed burnings, at tolerance up to 5 m.min-1. Gould et al. (2007) 

have found maximum fire propagation speed 16 m.min-1 in Australian eucalypt forests using the headfire 

technique. 

The flame length is another variable often analyzed in fire behavior studies, since it indicates the possibility 

of having flames reaching tree canopies and causing canopy fires. No significant flame length differences were 

found in EE and EC. The highest flame length values (mean 1.11 m) were recorded in September, whereas the 

lowest values were recorded in May and June. 

White (2014) has set mean and maximum flame length 0.45 m and 1.2 m, respectively, in an eucalypt 

plantation. According to Smith et al. (2004), the flames in a 5-year-old Eucalyptus marginata plantation were 

lower than 1.0 m. Fernandes and Loureiro (2010) have specified flame length of approximately 1.5 m in an 
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Eucalyptus globulus plantation, whereas Burrow (1999) has recorded flame length 1.8 m in an Eucalyptus 

marginata plantation. Several studies have indicated direct relation between flame length and wind speed and 

between flame length and fire propagation speed (Gould et al., 2007; Fernandes, 2009). This relation was also 

observed in the current study, since the highest flame length values were recorded for treatments showing the 

highest fire propagation speed. 

The flame length range recommended for safe fire conductions lies between 1.0 and 4.0 meters; when the 

flame length is below 1.0 m, the fire is likely to be extinguished if the combustible material moisture is high 

(Fernandes et al. 2002). The values found in EF were below the lower limit, regardless of the burning time. 

Gould et al. (2007) have described flames up to 14.0 meters tall in burnings conducted in eucalypt-planted areas 

in Australia. 

There is strong association between flame dimension and fire intensity. Thus, many models have been 

developed to estimate fire intensity through this correlation (Batista and Soares, 1995; Beutling et al., 2012). 

Eucalypt plantations showing high combustible material load in the DM1 class should be subjected to controlled 

burnings using low fire intensity and flame length between 1.0 and 2.0 m (Marsden-Smedley, 2009) in order to 

keep the safety conditions. 

Besides its importance in determining the safety area, the flame length may also be used to set the firebreak 

width, since the recommendation for firebreak size and safety distance shall correspond to 4 times the flame 

length (Andrews 2008; NWCG 2014). Therefore, firebreaks should be 2.5 m wide in EF, and 4.0 m wide in EC 

and EE interfaces, according to the data collected in the present study. In practice, according to the firefighting 

techniques, the flame length limit that allows directly firefighting is approximately 1.2 meters long (NWCG 

1996). Thus, all the mean values found in the treatments would enable better approach for firefighting. 

The burning time is the total time the fire takes to consume an area set during the PB. The means for EC 

and EE interfaces were statistically equal to and lower than the means of EF, respectively. The analysis of the 

months showed the longest burning time in May (51 min) and the shortest one in September (30.2 min). White 

(2014) has carried out experimental PB in 1.5 x 1.5 m plots and found mean burning time 10.29 min. 

Despite White (2014) statement that the total burning time is not a variable often used to assess fire 

behavior because it changes depending on the size of the burned area, from the forest management perspective, 

the burning time may lead to higher expenses with personnel (food and worked hours), logistics (use and 

maintenance of equipment and tools), fire prevention and firefighting plans (zoning of priority protection areas, 

firebreaks, and fuel management). 

Marsden-Smedley (2009) and Marsden-Smedley and Sherriff (2014) have emphasized that the amount, 

distribution and moisture of surface combustible materials have strongly influenced fire intensity. The highest 

fire intensity values in the EC and EE interfaces were recorded in September and August. These treatments have 

also presented the highest DM1 class proportion. According to Gould et al. (2007), this class is the most 

significant variable able to influence fire behavior in eucalypt forests, since it is directly proportional to fire 

intensity.  

According to Cheney (1981), fire intensity may be an energy production indicator and it can be classified as 

low (500 kW m-1), moderate (501 - 3000 kW m-1), high (3001-7000 kW m-1), and very high (> 7000 kW m-1). 

Fire intensity above the "low" class limit was found in EC, in September, only. These results indicate the 

possibility of directly attacking the flame front or the fire flanks using hand tools. 

Burrows (1999) has found mean fire intensity 355 KW m-1 in Eucalyptus marginata plantation, whereas 

Smith et al. (2004) have reported mean fire intensity 232 kW m-1 in Eucalyptus marginata plantation. Trollope 

et al. (2002) have stated that the higher the moisture content in the combustible material, the lower the fire 

intensity, since moisture affects the ease of ignition, combustible material consumption and combustion rate. 

The results found in the current study corroborate such assertion, since the lowest fire intensities were recorded 

for treatments showing the highest moisture contents in the combustible material. 

It is very hard or almost impossible controlling forest fires in eucalypt plantations when the fire intensity 

exceeds 4000 kW.m-1 because this fire intensity prevents firefighters from approaching the fireline and increases 

the possibility of secondary fires (Fernandes et al., 2011). In simulations for eucalypt litter, White (2014) has 

found mean fire intensity 146.07 kW m-1 and maximum fire intensity 1385.2 kW m-1. Ribeiro (1997) have 

conducted controlled headfires in eucalypt plantations and found fire intensity 211.13 kW m-1 in the spring, and 

229.50 kW m-1 in the autumn. According to Soares and Batista (2007), fire intensity in forest fires may range 

from 1700 kW m-1 to 3400 kW m-1; fire often becomes uncontrollable above these values. 

According to Brown et al. (1985), determining combustible material consumption is essential to predict the 

effects of fire during PB execution. The combustible material available for combustion is defined by the amount 

of fuel consumed by the fire (Soares and Batista, 2007). The amount of combustible material available for 

combustion cannot be known for sure before the fire, since its consumption depends on the environmental 

conditions and on fire intensity. 

The highest combustible material consumption rates were found in EC (98.01%) and EE (95.01%) 

interfaces. These positions have shown the highest fire intensities and litter thicknesses, as well as the lowest 
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combustible material loads. The EF position has presented the lowest biomass reduction rate (92%), which may 

be related to the highest combustible material moisture and density found in this position, since high moisture 

rates decrease the combustible material consumption (Brown et al., 1985, Gould et al,. 2011, Fernandes and 

Loureiro, 2013). Since litter thickness is inversely proportional to forest bed density, the higher the combustible 

material density, the lower the consumption (White 2014). 

White (2014) has found 68% mean reduction in litter of eucalypt plantations on north coast of Bahia, 

Brazil. Botelho et al. (1994) have assessed the combustible material consumption in Pinus pinaster plantations 

using prescribed burnings in Portugal and Spain, and found maximum consumption is 95%. Fernandes and 

Loureiro (2013) have investigated 90 prescribed burnings in Pinus pinaster plantations in Portugal and found 

total combustible material consumption up to 94.8%. 

 

Conclusion: 

For the establishment of efficient measures of reduction or prevention of fires, several information’s of the 

planted area and its environmental interactions are necessary.  

The knowledge of the characteristics of the forest species and plantations allows to use diverse forms of 

management of the biomass; weather information contributes to the establishment of more propitious periods for 

adopting fire prevention practices; And the relief information guides the conditions of the terrain on which the 

fire will occur and the topographical influences that interfere with its development. 

The interfacing (bordering) on the areas planted with Eucalyptus spp. and the time of the no (months) 

inferest significantly in the behavior of the fire.  

The fire behavior has changed throughout the dry season, as well as in different E. urograndis (Clone H13) 

stand positions/interfaces in the Cerrado-Amazon transition zone; 

The eucalypt-native forest interface has provided the lowest fire propagation speed, flame length and 

fireline intensity; 

August and September have shown the highest wind speeds and air temperatures and, consequently, the 

lowest relative humidity rates. Therefore, these months can be considered "critical period", since their 

environmental conditions have increased the fire propagation speed, flame length and fire intensity. 

Prescribed burnings should be preferably conducted in July and follow the EF-EE-EC interface order to 

assure high safety levels in the planted area, as well as low costs. 
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