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Three prescribed fire regimes on the restoration of flooded savannah 
grasslands under encroachment of Vochysia divergens Pohl, Pantanal, 
Brazil

Alexandre Ebert (1), 
Christian Niel Berlinck (2), 
Cátia Nunes da Cunha (3)

The proliferation of woody plant species over grassland areas has been re-
ported in different regions of the planet. This phenomenon has caused eco-
nomic, social and environmental effects in the Brazilian Pantanal. Traditional 
knowledge  based on  scientific  evidences  technically  supports  the  forms  of 
management to control the process of colonization of woody plants in native 
grasslands, thus promoting the original ecological restoration of these ecosys-
tems. Our study aimed to evaluate three management regimes with prescribed 
fire for controlling the invasion of Vochysia divergens Pohl. on grassland ma-
trix areas in the Brazilian Pantanal.  The results obtained showed that pre-
scribed fire is an efficient tool in controlling V. divergens in the early stages of 
its  establishment,  and effectively  contributes to ecological  restoration pro-
cesses in the savannah grasslands, aimed at controlling woody tree and shrub 
species invasions in the grasslands of the Brazilian Pantanal.

Keywords: Ecological Restoration, Wood-plant Encroachment, Prescribed Fire, 
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Introduction
The phenomenon of woody plant species 

proliferating  over  native  grasslands  is 
known  worldwide  (Ratajczak  et  al.  2014, 
Stevens et al. 2017, Horstmann et al. 2023), 
and  is  related  to  climate  change  and  an-
thropogenic interventions, such as the con-
version  of  natural  areas  for  agriculture, 
mining  and  forest  fires,  and  has  caused 
economic  damage  with  the  reduction  of 
grazing  areas,  as  well  as  environmental 
damage, such as the increased risk of for-
est fires and the loss of biodiversity (Blair 
et al.  2014,  Archer et al.  2017,  Kibet et al. 
2021).

In the Brazilian Pantanal, the proliferation 
of  Vochysia  divergens Pohl.  has  occurred 
over  areas  of  natural  grassland,  causing 
changes  in  the  floristic  composition  and 
community  structure of  the grassland to-

wards monodominant forests (Nascimento 
& Nunes da Cunha 1989), resulting in a loss 
of biological diversity (Ratajczak et al. 2014, 
Passos et al. 2018). Economically, the live-
stock and tourism sectors are being partic-
ularly  affected.  The  increased  invasion  of 
this  woody  species  in  pastures  – as  re-
ported by farmers – results in productivity 
losses and management challenges, in ad-
dition  to  the  loss  of  open  environments 
and  scenic  landscapes,  with  negative  im-
pacts  on  ecotourism  (Junk  &  Nunes  da 
Cunha 2012).

V. divergens is a tree species with a wide 
distribution  in  flooded  areas  in  the  Pan-
tanal  where  multiannual  flood  pulses  oc-
cur.  After  the  long  multi-year  period  of 
drought  in  the  1960s1970s,  the  super-hu-
mid period in the Pantanal from 1974 on-
wards  favoured  the  expansion  of  woody 

plant species (Collischonn et al. 2001).
Although the effectiveness of prescribed 

fire in controlling woody vegetation in sa-
vannah  ecosystems  is  known,  this  tech-
nique is only occasionally used in the eco-
logical restoration of grasslands (Symstad 
& Leis 2017). Integrated fire management, 
which  includes  prescribed,  planned,  and 
monitored burning, has the central objec-
tive  of  a  functional  conservation  of  the 
ecosystem, and can promote the re-estab-
lishment  of  a  native  floristic  composition 
(Pivello 2011, Pausas 2017, Fidelis 2020).

Proactive  control  of  invasive  species  in 
the  early  stages  of  intrusion is  an  impor-
tant part of effective environmental man-
agement (Tanaka et al. 2011). However, the 
vast  extension  of  Pantanal  and  the  diffi-
culty to access the areas due to traffic con-
ditions, combined with the rapid dispersal 
of  woody  species,  limit  the  capability  of 
control,  restore and re-establish the origi-
nal functional identity in the grasslands.

Despite its potential, information on the 
use of fire as a management tool for res-
toring natural grasslands in the Pantanal is 
scarce,  and the use of  prescribed fire re-
quires  specific  regulations  and  guidelines 
that are more suited to the reality of the 
Pantanal’s  floodplain  savannah  (Pivello 
2011).  Indeed,  regulations  on  the  use  of 
controlled fire in Brazil are still too general 
and  unsuited  to  more  complex  ecosys-
tems,  such  as  seasonal  wetlands,  mainly 
because there are gaps in studies and re-
search on the application of prescribed fire 
to these environments.

To fill these gaps, this study aimed at eval-
uating the efficiency of prescribed burning 
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in controlling the intrusion of  V. divergens 
as a tool to promote the ecological restora-
tion of native grasslands in the Pantanal.

Materials and methods
The study was conducted in the Pantanal 

Floodplain, SE Brazil. Climate according to 
Koppen is Aw, tropical with a wet summer 
and dry winter  season.  The average tem-
perature  is  25.6  °C,  ranging  from  a  mini-
mum of 15 °C to a maximum of 34 °C. Occa-
sional extremes can reach 40 °C in summer 
and 0 °C in winter. Annual rainfall averages 
2000  mm,  concentrated  during  the  sum-
mer (Hamilton 2002),  which is  the period 
of  flooding in the Pantanal (Nunes da Cu-
nha & Junk 2004).

The study site is located in the SESC (So-
cial Service of Commerce) Private Natural 
Heritage  Reserve,  in  the  Municipality  of 
Barão  de  Melgaço,  in  the  northern  Pan-
tanal of the State of Mato Grosso (Fig. 1). It 
is  a Conservation Unit  of Sustainable Use 
group, whose creation aims to conserve bi-
ological diversity.

Sample design
The  experiment  was  set  up  in  three 

blocks of savannah wetlands with V. diver-
gens invasion. In each block, four 1-hectare 
plots (100 × 100 m) were delineated, with a 
minimum  distance  of  200  m  each  other. 
Each plot was subject to a different treat-
ment:  (i)  Plot  1  – control  plot,  where  no 
prescribed burning was applied; (ii) Plot 2 – 
early, burning applied in July; (iii) Plot 3  – 
modal,  burning carried out in September; 
(iv) Plot 4 – late, burning carried out in No-
vember.  This  sampling  design  ensures  3 
replications per treatment, summing up to 
4 ha each and 12 ha of study area in total.

Pre-burn data collection
Quantitative data was collected by mea-

suring only individuals of  V. divergens with 
a  height  ≥ 1  m.  Circumference at  ground 
height was recorded for individuals with a 
total height ≤ 2.0 m and the circumference 
at breast height for trees with height > 2.0 
m.

The total height of the largest individuals 
was taken using an electronic clinometer, 
and in cases where it was not possible to 
fully visualise the tree, the height was esti-
mated  by  visual  calibration  (Soares  et  al. 
2012). To validate the height estimates, we 
performed a correlation analysis between 
tree diameter and height  using the linear 
regression model of the hypsometric rela-
tionship proposed by Curtis (1967).

Qualitative data was obtained by analys-
ing  the  individuals  directly.  Information 
was  collected  on  stem  shape  (straight, 
slightly  crooked and crooked)  and health 
(healthy, slightly affected, and affected by 
fire).

All the qualitative and quantitative infor-
mation obtained was recorded  in the field 
using spreadsheets. Photographic and vec-
tor records were also made, such as the ge-
ographical location points of all the inven-
toried  individuals,  plot  boundaries,  and 
walks taken, using the Avenza Maps® app 
(Toronto,  Canada),  aided by pre-prepared 
maps  with  rasters  and  vectors  georefer-
enced in the UTM Projection System to da-
tum WGS84, thus enabling the geographi-
cal location of each individual plant (Cruz 
et al. 2019).

Application of prescribed burning 
treatments

The prescribed burns were carried out in 
three periods during the year:  (i) Treat_1 – 
at  the end of  the rainy  season (July);  (ii) 
Treat_2  – at the beginning of the dry sea-
son (September); and (iii) Treat_3 – at the 
beginning of the rainy season (November).

Each plot was burnt in a “U” shape, with 
the fires initially started against the wind, 
which  is the method traditionally used for 
controlled burning in pastures. It provides 
greater safety during controlled burns and 
allows wildlife to escape.

Post-burn data collection
Thirty days after the burning, all the plots 

were revisited and a new qualitative survey 
was  carried  out,  accessing  all  the  geolo-
cated individuals on a very high spatial res-

olution image map, which allowed to  pin-
point all the inventoried individuals.

Fire  impact  was  categorized  by  the  de-
gree to which the flames and heat had hit 
the  V. divergens  trees.  The percentages of 
the crown affected and the fire damage to 
each  stem  were  assessed  (Ryan  &  Rein-
hardt 1988, Hood et al. 2018).

To  assess crown  damages,  the  percent-
age of burnt leaves, branches and shoots 
was  estimated,  taking  a distance between 
the  observation  point  and  the  individual 
tree so that the entire tree could be seen 
at a glance (Ryan & Reinhardt 1988, Peter-
son  &  Arbaugh  1989,  Ryan  &  Frandsen 
1991). We used an electronic clinometer to 
directly measure the percentage of the liv-
ing crown in relation to the crown affected 
by  burning.  The  condition  of  the  crowns 
affected by flames is a direct indicator of 
the  tree  damage.  The  yellowing,  redden-
ing,  or  blackening of  the leaves indicates 
the physiological effects of leaf senescence 
and loss of vigour, which can lead to mor-
tality.

The extent of damage to the crown of a 
tree can be determined by comparing the 
green and the dead part after the exposure 
to flames. If the dead part exceeded 70% of 
the whole crown, this indicates a “severe” 
tree  damage,  from  50  to  70  per  cent 
“medium” damage, and below 50 per cent 
“light” damage.

To assess the damage to tree trunks, the 
percentage of burned stem was estimated. 
We then focused on those trees that were 
most  severely  affected and proceeded to 
make precise cuts – or debarking – on the 
rhytidome. This allowed us to observe the 
tissues and evaluate the extent of damage 
in the neck region and at breast height. Fol-
lowing a macroscopic approach, we were 
able to verify the depth of combustion and 
ascertain  the  level  of  tissue  damage.  If 
combustion  only  affected  the  epidermis 
(outer bark), the injury was considered as 
“mild”; when combustion only affected the 
periderm  (inner  bark),  the  injury  was 
“moderate”;  and  if  combustion  affected 
the meristematic cambium, it  was consid-
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Fig. 1 - Location of the 
study area, RPPN SESC 
Pantanal, in relation to 
South America, and 
inserted in the northern 
region of the Pantanal in 
Brazil. The black circles rep-
resent the regions where 
sampling was carried out.
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ered as a “severe” injury.
We gauged the damage to the crown and 

stem based on the severity index, where (i) 
individuals  with  slight  burning  of  the 
rhytidome  and  no  burning  of  the  crown 
were  classified  as  having  “mild  severity” 
damage; (ii) individuals that suffered burn-
ing of up to 40% of the crown and burning 
of the stem slightly affecting the meristem-
atic  region  of  the  cambium,  as  having 
“moderate  severity”  damage;  (iii)  when 
more  than  40%  of  the  crown  was  burnt, 
also affecting the tissues of the crown, as 
having “moderate  severity”  damage;  and 
(iv) when burning affected more than 40% 
of the crown and the tissues of the meris-
tematic region of the inner bark, as having 
“strong severity” damage.

Statistical analyses
The  above  data  was  recorded  in  elec-

tronic spreadsheets, generating a database 
that  was  statistically  analysed  using  the 
software R version 3.0.1.

To  validate  the  estimates  of  the  total 
height of the largest individuals, we tested 
the correlation between the diameter and 
height by adjusting the hypsometric model 
of  Curtis  (1967).  The statistical  criteria  to 
adjust the coefficient of determination (R² 
adj),  the  standard  error  of  the  estimate 
(Syx%), and the regression coefficient were 
calculated.

To analyse the behaviour of the  V. diver-
gens population, we grouped  the trees by 
size  as  described  by  Soares  et  al.  (2012). 
The size classes defined were: (i) class D_I, 
individuals  with  DBH  < 0.5  cm;  (ii)  class 
D_II, individuals with DBH between 0.5 and 
20.0  cm;  and  (iii)  class  D_III:  individuals 
with DBH > 20.0 cm.

To check the statistical assumptions, we 
tested the absence of multicollinearity be-
tween the predictor variables (treatments, 
diameter  classes,  height  classes)  and  be-
tween the dependent variables (the sever-
ity  categories), using  the  “pairs.panels” 
function of the “psych” package in R soft-
ware.

The  severity  categories  were  based  on 
the  three  individual  damage  classes  (see 
above): “mild severity”, “moderate sever-

ity”,  and  “strong  severity”,  with  “mild 
severity” established as the reference cate-
gory.  We  used  the  “multinom”  function 
from the “nnet” package in R to build the 
statistical model, which was adjusted using 
an ANOVA against a null model (mod_0).

We  obtained  the  coefficients  and  stan-
dard errors for the independent variables 
by  carrying out  two different  regressions 
using the multinomial model: the first com-
paring “moderate severity” with the refer-
ence category “mild severity”, and the sec-
ond comparing “high severity” with “mild 
severity”,  generating  two  sets  of  coeffi-
cients and standard errors.

Results
A total of 822 individuals of  V. divergens 

were inventoried in all the sampling areas. 
The absolute density recorded in the study 
area was 59.5 individuals per ha (Tab. 1).

Height  estimates  using  the  hypsometric 
relationships  showed  a  high  correlation 
with  the  observed  tree  diameter  and 
height (r = 0.7122). The coefficient of deter-
mination obtained for the regression was 
R² = 0.879 (Fig. 2).

The  calibration  of  the  height  estimates 
carried out using an electronic clinometer 
showed an accuracy of 95% and a sampling 
error of 4.6%.

Analysing qualitative data
The diameter class D_II (DBH = 0.5-20 cm) 

showed all the three levels of mild, moder-
ate and severe damage caused by burning, 
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Tab. 1 - Distribution of the inventoried individuals of V. divergens in the classes of the 
predictor variables (Treatment  – Treat_1: July; Treat_2: September; Treat_3: Novem-
ber; Diameter – D_I: < 0.5 m; D_II: 0.5 to 20.0 cm; D_III: > 20.0 cm; Height – H_I: < 2.8 
m; H_II: 2.8 to 5.0 m; H_III: > 5.0 m) and in the severity categories (response variable – 
see text).

Treatment
Class (=n)

Diameter
Class (=n)

Height
Class (=n)

Severity
Category (=n)

Control = 104 D_I = 376 H_I = 376 Mild = 335

Treat_1 = 106 D_II = 271 H_II = 361 Moderate = 175

Treat_2 = 356 D_III = 175 H_III = 85 Strong = 312

Treat_3 = 256 - - -

Fig. 2 - Scatter 
plot of the ob-
served heights 
and diameters 
of the V. diver-
gens trees 
(black dots), 
and the height 
estimates (red) 
obtained using 
the linear hyp-
sometric model 
by Curtis 
(1967). 
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Fig. 3 - Examples of 
injuries after prescribed 

burning. Individuals in 
Diameter Class II were 

established as reference 
standards for stem injury 

analysis: (a) mild injury; 
(b) moderate injury; (c) 

severe injury. Crown 
damage, evaluated as 
percentage of leaves 

affected by the heat: (d) 
mild damage (<30% of 

leaves affected); (e) 
moderate damage (30-

70%); (f) severe damage 
(≥70%).
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and therefore served as a reference stan-
dard for damage to the stems.

The highest severity was recorded in the 
smallest individuals belonging to the diam-
eter class D_I, resulting in a total of 249 in-

dividuals  with strong damages.  Class D_II 
followed with a total of 111 individuals with 
moderate  severity  and  97  with  strong 
severity damages,  and D_III  (larger trees) 
with 92 individuals showing moderate sev-

erity damages (Fig. 3).
When  the  relationship  between  the  de-

gree  of  severity  and  the  period  of  pre-
scribed burning is  considered, the results 
showed that the treatment Treat_2 (modal 
burning – September, beginning of the dry 
season) had the largest number of V. diver-
gens  individuals  in  the  “strong  severity” 
damage class (195 individuals), followed by 
Treat_3 (late burning, November – 111 indi-
viduals) and Treat_1 (early burning, July  – 
54 individuals). As for the “moderate sever-
ity” damage class, again the highest num-
ber  of  individuals  was  found  in  the  class 
Treat_2 (modal burning: 133), followed by 
Treat_3  (late  burning:  101)  and  Treat_1 
(early burning, 44 individuals).

The result  for the fit of the multinomial 
model  showed  an  associated  p-value  of 
0.0000015,  indicating  a  strong  statistical 
difference from the null model (mod_0). In-
deed, the results show that there was a sig-
nificant effect of the predictor variables on 
the  response  variable.  For  the  model 
tested,  we obtained a pseudo R²  =  0.6111 
using the Nabelkerke method (Nagelkerke 
1991).

To adjust the model developed using the 
response variable “Severity”, and the pre-
dictors  “Treatments”,  “Diameter  Class” 
and “Height Class”, we created a null mod-
el  (M0)  without  independent  variables, 
which was compared with the constructed 
model (Mod) using an ANOVA, in order to 
analyse the overall effects of the indepen-
dent variables. We found that all  the pre-
dictors  (i.e.,  the  independent  variables) 
were statistically significant. To analyse the 
specific  effects  of  each independent  vari-
able on the dependent variable, we applied 
the  z-test  and obtained the statistical  co-
efficients reported in Tab. 2.

The  independent  variables  marked  as 
Group II in Tab. 2 were interpreted by com-
paring  the  values  of  the  coefficients  ob-
tained for moderate severity with the ref-
erence  value  for  mild  severity,  while  the 
variables  marked as  Group III  were  inter-
preted  by  comparing  the  coefficients  ob-
tained for severe severity with mild sever-
ity.  The  coefficients  showing  p-values  > 
0.05 were not statistically significant (Tab.
3). The diametric classes D_II and D_III had 
negative coefficients (-1.28 and -224.35, re-
spectively),  indicating  a  lower  chance  of 
showing  strong  severity  damages  when 
compared  to  mild  severity  category.  On 
the other hand, the height classes showed 
positive  coefficients,  with  the  low  (H_I) 
and medium (H_II) height classes being re-
spectively 0.39 and 0.95 times more likely 
to show moderate severity damages com-
pared to mild severity class. While the low 
(H_I) and the medium (H_II) height classes 
were 0.85 and 142.637 times more likely to 
show  strong  severity  damages  compared 
to the mild severity category.

We  illustrate  our  results  with  a  graph 
from  the  multinomial  logistic  regression 
analysis (Fig. 4).
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Tab. 2 – Analysis of the specific effects of the independent variables (predictors) in  
relation to the response variable,  expressed through the statistical  coefficients (Z-
test). (*): p<0.05; (**): p<0.01; (***): p<0.001.

Group Predictors Estimate Std. Error Z value Pr (>|Z|)

II

(Intercept) -1196.501 4392.569 -0.2724 0.785321

Treat_1 1467.076 4392.575 0.3440 0.738387

Treat_2 1495.084 4392.484 0.3404 0.733575

Treat_3 1271.196 4392.373 0.2894 0.772268

D_II -1.28918 0.39790 -32.399 0.001196 **

D_III -224.354 0.50656 -44.290 9.469e-06 ***

H_I 0.39509 0.50073 0.7890 0.430094

H_II 0.95822 0.40941 23.405 0.019258 *

III

(Intercept) -1666.131 0.51021 -326.555 < 2.2e-16 ***

Treat_1 2047.299 0.41020 499.096 <2.2e-16 ***

Treat_2 2127.255 0.28644 742.650 <2.2e-16 ***

Treat_3 1756.625 0.25716 683.074 <2.2e-16 ***

D_II -308.714 0.41756 -73.933 1.433e-13 ***

D_III -586.076 0.59825 -97.965 < 2.2e-16 ***

H_I 0.85534 0.62226 13.746 0.169263

H_II 142.637 0.55660 25.627 0.010387 *

Tab. 3 - Odd ratios for the coefficients obtained using the exponential function, with 
confidence interval, showing that the odd ratios are statistically significant when they 
differ from 1. The results are shown for two regressions using the multinomial model,  
one  comparing  “moderate  severity”  with  the  reference  category  “mild  severity” 
(upper section), and a second comparing “high severity” with “mild severity” (lower 
section), generating two sets of coefficients and standard errors, with the p-values 
showing the significance of  the variables.  Model:  (Multinomial  =  Severity  ~  Treat-
ments + ClassD + ClassH).

Severity Classes Odds Ratio 95% Confidence Interval p-value

M
od

er
at

e

Tr
ea

tm
en

ts Control - - -

Treat_1 2,351,953 0.00; 57.69 · 1042 0.7

Treat_2 3,112,192 0.00; 76.20 · 1042 0.7

Treat_3 331,692 0.00; 8.10 · 1042 0.8

D
ia

m
et

er D_I - - -

D_II 0.28 0.13; 0.60 0.001

D_III 0.11 0.04; 0.29 <0.001

H
ei

gh
t H_I 1.48 0.56; 3.96 0.4

H_II 2.61 1.17; 5.82 0.019

H_III - - -

H
ig

h

Tr
ea

tm
en

ts Control - - -

Treat_1 1,732 020,979 987,947,439; 3,036,494,200 <0.001

Treat_2 778,533,565 348,429,002; 1,739,563,893 <0.001

Treat_3 42,552,684 25,705,604; 70,441,095 <0.001

D
ia

m
et

er D_I - - -

D_II 0.05 0.02; 0.10 <0.001

D_III 0.00 0.00; 0.01 <0.001

H
ei

gh
t H_I 2.35 0.69; 7.96 0.2

H_II - - -

H_III 4.16 1.40; 12.4 0.010
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Discussion
The studied population of  Vochysia diver-

gens shows the classic model of establish-
ment of woody plants through the native 
grasslands in the Pantanal, with a steadily 
growing abundance in ecosystems such as 
grasslands and savannas in both terrestrial 
and wetland environments (Eldridge et al. 
2011, Saintilan & Rogers 2015).

The observed diametric distribution of V. 
divergens in  this  study  is  fairly  typical  of 
tree populations colonizing an inhospitable 
environment.  According  to  Silva  Júnior 
(2004), this  can be observed in self-regen-
erating species and occurs when smaller in-
dividuals successively replace adult individ-
uals  in  the population.  Theoretically,  con-
trolling  and  eradicating  the  invasive spe-
cies while the population is still in the initial 
establishment process is an effective way 
of avoiding dominant monospecific forma-
tions in native grasslands.

Studies on the effects of prescribed fire 
on woody species has been carried out in 
different regions of the world, with a pre-
dominance  of  studies  on  coniferous  spe-
cies in temperate regions (Peterson & Re-
ich 2001). In the tropical region, the effects 
of fire on hardwood species have been in-
vestigated in  forest  ecosystems  in  the 
Amazon (Prestes et al. 2020, Le Roux et al. 
2022) and in the Cerrado (Medeiros & Mi-
randa 2005, Reis et al. 2015). However, due 
to the great diversity of species in tropical 
zones  – and  especially  in  the  Pantanal  –
there are still major gaps in understanding 
the effects of fire.

We found that young individuals of  V. di-
vergens were especially affected by severe 
damages when prescribed fire is applied in 
September  (Treat_2),  which  is  the  driest 
period in the study area, indicating the ef-
fectiveness of  this  practice in  the control 
and  eradication  of  that  species.  Indeed, 
Nunes da Cunha & Junk (2004),  Santos et 
al. (2006), and Pott et al. (2011) mentioned 
that V. divergens is a wetland species espe-
cially sensitive to fire.

According to our results,  both tops and 
stems of the smallest individuals were se-
verely damaged by all treatments.  Fire ap-
plication  in  September  (Treat_2)  showed 

the  greatest  severity,  resulting  in  a  high 
mortality rate of saplings and seedlings of 
V.  divergens,  confirming  the  findings by 
Franco et al. (1996) and  Hoffmann (1999). 
The impact on reproductive efforts due to 
the mortality of the aerial part of trees re-
stricts the entry of individuals into the pop-
ulation (Hoffmann & Solbrig 2003).

The greater  severity  of  burns  in  smaller 
individuals is associated with more intense 
exposure to flames and heat in the lowest 
layer, where the combustible load accumu-
lates.  Even  with  controlled  fires,  where 
heat production is not as intense as in wild-
fires,  serious  burns  and/or  total  combus-
tion  of  individual  trees  often  occur.  This 
was  expected,  as  controlled  fires  were 
aimed to reduce the biomass of trees and 
the fuel load, thus favouring the growth of 
native herbaceous species.

We also observed that severe injuries in 
the  neck  region,  where  the  rhytidome  is 
thicker, resulted in higher mortality of indi-
viduals in all treatments. Bark thickness is 
an  important  factor  in  predicting  the  ef-
fects  of  fire  on  tree  populations  (Vale  & 
Elias 2014), and there is a direct correlation 
between diameter and bark thickness. The 
larger the individual, the thicker the bark, 
and  consequently  the  greater  the  barrier 
to heat transfer. In the case of large indi-
viduals with burning in the form of ringing 
(i.e., deep lesions that encircled the stem), 
the mortality rate was higher. Bova & Dick-
inson (2005) report that the meristematic 
region of  the vascular  cambium in  angio-
sperms  is  ring-shaped,  and  if  the  fire 
reaches the rhytidome in such a way as to 
encircle  the  trunk,  it  can  cause  ringing 
which result either in the death of trees or 
the  partial  necrosis  of  the  cambium.  The 
mortality of larger trees, due to the direct 
effect of heat, can occur up to three years 
after  the  fire  (Ryan  &  Reinhardt  1988, 
Hood et al. 2018).

Another important factor observed is the 
burning of the tips, the region of the apical 
meristem  of  the  individuals.  However, 
basal  aerial  shoots  appeared  at  different 
heights  on  the  stems  of  survivors.  These 
shoots end up altering the architecture of 
the tree canopy, which can lead to a larger 

crown shading the  understory,  thus ham-
pering  the  growth  of  native  herbaceous 
species.  Moreover,  the  colonization  of 
meadows by  woody species  like  V.  diver-
gens leads  to  a  reduction  in  herbaceous 
biomass  and  a  consequent  reduction  in 
combustible material, making burning less 
subsequent and less intense (Ratajczak et 
al. 2014).

For  tropical  regions,  tree  mortality  as-
sessed through severity of damage in the 
cambial region of the stems or in combina-
tion  with  crown damage requires  precise 
assessments,  taking into account the ana-
tomical,  morphological and ecophysiologi-
cal variability of the species. The methodol-
ogy  adopted  in this  study  sought  refer-
ences  in  methodologies  that  have  been 
used  to  quantify  cambial  death,  ranging 
from  direct  sampling  of  cambial  tissue 
(Ryan  &  Reinhardt  1988,  Peterson  &  Ar-
baugh 1989,  Ryan & Frandsen 1991) to the 
thickness  of  charring  of  the  rhytidome 
(Finney 1999).

Conclusions
Based on our findings, we conclude that 

the  colonization  of  the  invasive  species 
Vochysia divergent  in flooded savannah ar-
eas in the Pantanal can be effectively con-
trolled through periodical prescribed fires, 
which eliminate young individuals and help 
preserve  and  restore  this  type  of  native 
grassland.

The most effective period for  prescribed 
fire to control the proliferation of  V. diver-
gens was during the driest part of the year, 
in  September.  However,  controlled burn-
ing must be exclusively used during periods 
permitted by law and always supported by 
an efficient fire prevention and firefighting 
infrastructure.

The application of prescribed fire as a tool 
for  restoring  savannah  grasslands  should 
be carefully evaluated in an ecological con-
text,  looking at the impacts of its use on 
the local biological diversity. Controlling in-
vasive seedlings, saplings and trees may be 
the best  way of  preserving and restoring 
the Pantanal’s natural grasslands,  and this 
can include the use of burning, as long as it 
is used in a correct manner, taking into ac-
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Fig. 4 - Multinomial logistic 
regression analysis graph 
for the proposed model. 

The predictor variables are 
Treatment, Diametric Class 

and Height Class, and the 
response variable is Pre-

scribed Burning Severity. 
The probability of the 

effects of the predictor 
variables on the response 

variable is expressed on 
the x-axis.
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count  the  technical  parameters  of  inte-
grated management and the level of stabil-
isation of the species’ population.
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