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Abstract
Aim of study: To evaluate the effects of a mega-fire on the arbuscular mycorrhizal fungi (AMF) community and parameters in soils under
Cerrado vegetation.
Study area: Chapada dos Veadeiros National Park, Goiás, Brazil. This site suffered the biggest fire in its history on October 10, 2017,
with an affected area of 66,000 ha.
Materials and methods: We analyzed AMF spore density, roots’ mycorrhizal colonization rate, easily extractable glomalin (EEG), as well
as the AMF genera present. These parameters were evaluated in burned and unburned areas of five common phytophysiognomies of the region.
Main results: Fire presence immediately affected the mycorrhizal community parameters in Cerrado soils, which tended to increase
afterwards. The presence of AMF genera did not differ between burned and unburned areas, with Acaulospora, Claroideglomus, Diversispora, Glomus, Funneliformis, Sclerocystis, and Gigaspora being present. The recovery of AMF community conditions in the Cerrado after
fire events could also be observed in the mycorrhizal parameters evaluated, as the values of spore density, roots’ mycorrhizal colonization
rate, and EEG were similar in the burned and unburned areas.
Research highlights: AMF diversity, and especially their community parameters, show great recovery after fire events, since they are
crucial in processes like nutrient cycling and soil aggregation.
Additional key words: glomalin; conflagration; arbuscular mycorrhizal fungal diversity; mycorrhizal parameters; spore density.
Abbreviations used: AMF (arbuscular mycorrhizal fungi); EEG (easily extractable glomalin); PVLG (pure polyvinyl lactoglycerol);
RDA (redundancy analysis).
Authors’ contributions: All authors have contributed to the study conception and design, material preparation, data collection, and
analyses. The first draft of the manuscript was written by JBM and CM. All authors commented on previous versions of the manuscript,
read, and approved the final manuscript.
Citation: Moura JB; Souza. RF; Vieira Júnior, WG; Lucas, LS; Santos, JM; Dutra e Silva, S; Marín, C (2022). Effects of a megafire on
the arbuscular mycorrhizal fungal community and parameters in the Cerrado ecosystem. Forest Systems, Volume 31, Issue 1, e001. https://
doi.org/10.5424/fs/2022311-18557
Supplementary material (Table S1) accompanies the paper on SJAR’s website
Received: 19 Jun 2021. Accepted: 27 Jan 2022.
Copyright © 2022 CSIC. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International (CC-by 4.0) License.
Funding agencies/institutions

Project / Grant

Associação Educativa Evangélica (AEE)
Competing interests: The authors have declared that no competing interests exist.
Correspondence should be addressed to César Marín: cesar.marin@postgrado.uach.cl
This article belongs to the Special Issue “Forests: Reservoirs of Global Mycocultural Heritage and Mycological Resources".
https://revistas.inia.es/index.php/fs/specialissue/forestandfungi

Introduction
The Cerrado is the second largest Brazilian biome, extending over an area of 2,045,064 km² and covering eight

States in Central Brazil in addition to the Federal District
(Hunke et al., 2015). This biome is crossed by three of
the largest hydrographic basins in South America (Amazonia, São Francisco, and Paraná), with constant and high
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rainfall levels, and very high levels of animal and plant
endemism and biodiversity (Klink et al., 2020), only behind the Amazon in the country. The Cerrado is currently
considered as a transitional biome and the last agricultural
frontier in the Americas (Hunke et al., 2015; de Moura &
Cabral, 2019), with direct geographical contact with other
important South American biomes such as the Amazon,
Caatinga, Atlantic Forest, Pantanal, and Chacos Bolivianos (de Moura & Cabral, 2019).
Besides strong anthropogenic effects, the environmental history of the Cerrado is determined by a set of natural elements related to its geology and ecology, and their
effects on the formation and constitution of the Neotropical savannas that compose this biome (Ratter et al., 2006).
Among these elements, natural wildfires stand out as a
main factor configuring the Cerrado landscape (de Moura
& Cabral, 2019). Nonetheless, intentional fire is the main
tool used to expand new agricultural areas in the Cerrado,
and as a result, big and irreversible damages have already
occurred to this biome, as the fragmentation of previously
integrated phytophysiognomies, native biodiversity loss,
soil nutrient loss, soil degradation and compaction, soil
erosion, pollution of water sources, changes in the natural fire regime, and imbalances in the carbon cycle, all of
which contribute to regional climate change (Klink et al.,
2020).
The biggest fire event in the history of the Cerrado,
suspected as arson, occurred in the Chapada dos Veadeiros National Park in October 10, 2017, destroying about
66,000 ha (de Santana Leite et al., 2017). The Chapada
dos Veadeiros National Park was created in 1961 and
comprises an area of 240,614 ha, and in 2001 was declared a Natural World Heritage Site by UNESCO (de Santana Leite et al., 2017). The Cerrado ecosystem has several
phytophysiognomies, including Cerradão (dense forest
formation with several tree species), Cerrado sensu stricto
(low and twisted trees, shrubs, subshrubs, and herbs), Veredas (hydromorphic soils surrounded by cleaned fields,
represented by rows or groups of Mauritia flexuosa),
Campo Limpo (herbaceous vegetation with few shrubs
and no trees), and Campo Sujo (herbaceous-shrub vegetation with shrubs and subshrubs spaced among themselves) (Walter, 2006). Factors as the expansion of the agricultural frontier (especially soybean crops) in the region
adjacent to the Chapada dos Veadeiros National Park, and
the presence of exotic grasses introduced in the Cerrado
since the XVIII century, favor over-combustion, altering
the natural fire regime (Simon et al., 2009; Simon & Pennington, 2012), which has harmful consequences to this
biome. These intentional fires (in most cases illegally),
lead to new areas destined for agricultural production.
The harmful consequences of these fires are more accentuated during the dry season (from April to September),
where low humidity amplifies the intensity and severity
of these events (Simon & Pennington, 2012).
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Soil microorganisms are essential for the conservation of biodiversity and for the recovery of ecosystem
services, after extreme events as wildfires (Mataix-Solera et al., 2009). Arbuscular mycorrhizal fungi (AMF),
are generalists and obligate plant symbionts (Davison et
al., 2015), and are extremely sensitive to environmental changes and as such, they are excellent bioindicators
of environmental quality and recovery (de Souza et al.,
2016). Several studies have shown the resilience of the
AMF community and mainly its community parameters
after fire events (Martínez et al., 2005, 2018; de Oliveira
et al., 2006; Paulino et al., 2009; Rivas et al., 2016). For
AMF it is a common response to decrease in biodiversity
but sustain or even increase their aggregate parameters
such as roots` mycorrhizal colonization, glomalin production, soil aggregation, among others, immediately after disturbances (Paulino et al., 2009; Rivas et al., 2016).
For example, some studies have shown a very interesting
pattern: a decrease in AMF species richness (as determined by morphological analyses) but no effect on AMF
spore density post-fire (Longo et al., 2014).
According to studies already carried out which show
the crucial role of AMF in the recovery of the Cerrado
ecosystem after disturbance (De Souza et al., 2016), we
expected that in this ecosystem the action of fire would
promote an increase of roots colonization by AMF, which
would cause a population increase of some species, and
in return a decrease in biodiversity -not immediately but
after a while. Given their environmental similarity, we
expect similar results for all phytophysiognomies. This
study aimed to evaluate the effects of a megafire on the
AMF community in Cerrado soils, by measuring parameters such as spore density, easily extractable glomalin (EEG), and the rate of successful root colonization,
comparing burned and unburned areas in five commonly
found phytophysiognomies in the region.

Material and methods
Study sites and sampling scheme
The study was carried out in the Chapada dos Veadeiros National Park, Goiás, Brazil (Fig. 1). Five phytophysiognomies were defined according to Walter's characterization (2006): Cerradão, Cerrado sensu stricto, Campo
Limpo, Campo Sujo, and Veredas. Ten sample plots (20 m
× 20 m; 7 in and 3 outside the Park) were selected, and for
each phytophysiognomy, one burned and one unburned
plot (Fig. 1). Sampling was carried out in four periods:
first, on November 10, 2017, right after the containment
of the flames; second, on March 11, 2018; the third sampling on June 23, 2018; and the fourth and final sampling
was carried out on November 2, 2018. For each plot and
sampling period, and after removing organic debris (litter,
April 2022 • Volume 31 • Issue 1 • e001

3

Fire effects on Cerrado mycorrhizal fungi and parameters

Figure 1. Chapada dos Veadeiros National Park, in Goiás State, Brazil, including phytophysiognomies with and without burning: 1, Campo Limpo without burning; 104, Campo Limpo with burning; 3, Campo Sujo without burning; 12, Campo Sujo with burning; 5, Cerrado
sensu stricto without burning; 6, Cerrado sensu stricto with burning; 7, Cerradão without
burning; 8, Cerradão with burning; 9, Veredas without burning; 2, Veredas with burning.

wood), a total of six soil samples (rhizospheric soil and
roots of the A horizon; 0-10 cm soil depth) were analyzed
(which in turn, consisted of 6 randomly collected subsamples). Thus, a total of 240 soil samples were analyzed in
this study (10 plots × 4 sampling periods × 6 samples per
plot). The samples were collected in the same sampling
area in all periods.

Microbiological analyses
Microbiological analyses were performed at the Agricultural Microbiology Laboratory at the Faculdade Evangélica de Goianésia, Goiás, Brazil. Spores of AMF were
extracted from a volume of 50 cm3 of rhizospheric soil
using the wet-sieving technique (Gerdemann & Nicolson,
1963), including centrifugation at 2000 rpm for 2 minutes
in water and a 50% sucrose solution. The spores were separated under a microscope (400-fold magnification), and
were taxonomically analyzed according to their phenotypic characteristics as color, size, and shape (Oehl et al.,
2011), composing the different AMF genera. In order to
identify the genera of AMF from the morphological characteristics, the spores were separated according to their
morphotypes (Oehl et al., 2011), and mounted on slides
Forest Systems

with pure polyvinyl lactoglycerol (PVLG) and PVLG
mixed with the Melzer solution (1:1 v/v).
To determine the percentage of root colonization by
AMF, the roots were clarified and stained with 0.05% Trypan-Blue in lactoglycerol (Phillips & Hayman, 1970), and
the root colonization was evaluated under a stereoscopic
microscope, following the technique of quadrants’ intersection (Giovannetti & Mosse, 1980). The extraction of
EEG was done by adding 1 g of dried soil in 8 mL of 20
mM sodium citrate (pH 7.0), followed by autoclave for
30 min at 121 ºC; then, centrifugation was carried out for
20 min at 5000 rpm (Wright & Upadhyaya, 1996; Nichols
& Wright, 2006). For EEG extraction, we followed the
Bradford (1976) method modified by Wright & Upadhyaya (1996), where bovine serum albumin was used as the
standard protein, using a spectrophotometer at a 595 nm
reading. Caution should be taken when interpreting the
EGG results, as currently there are no specific analytical
tools to measure glomalin (sensu Rillig, 2004) without
significant interference from other substances (Holátko
et al., 2021). The evidence provided so far for glomalin
detection, even when measuring antibodies (Gadkar &
Rillig, 2006) in soil as a direct metabolic product of AMF
is still just correlative (Bedini et al., 2007; Bolliger et al.,
2008; Wilson et al., 2009).
April 2022 • Volume 31 • Issue 1 • e001
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Statistical analyses
Each phytophysiognomy was evaluated separately,
resulting in a completely randomized design with the
plots arranged in a 2 × 4 factorial scheme with six replicates. The first factor consisted on burning (or not),
and the second factor corresponds to the four sampling
periods. Before the analyses, the homogeneity of variances and the normality of the residuals were checked
using the Bartlett test and graphical checks, respectively. Analyses of variance (ANOVAs with two factors),
T-tests (at 5% means discrimination), and graphs of the
obtained data were made using the GraphPad Prism 8
software (SWIFT, 2020). We also performed stepwise regressions (in both directions) of the redundancy
analysis (RDA) for each measured mycorrhizal parameter (root colonization, spore density, and glomalin),
assessing the effect of each tested factor (phytophysiognomy, fire effect, sampling time) on them. This was
done using the ordistep function of the vegan package
(Oksanen et al., 2020) in RStudio 2021.09.0+351 (R
Core Team, 2020).

Results
Fire had varied effects in the AMF parameters (spore density, root colonization, and EEG) evaluated in the
five phytophysiognomies assessed on this study (Fig. 2;
the specific values are given in Table S1 [suppl]); such
effects were not very strong regarding AMF genera (Table
1). AMF spore density in soil was at its lowest and similar in the first sampling in the burned and unburned areas
in all phytophysiognomies (58.667-173 spores/50 cm3 of
soil). In the second sampling, five months after the fire
event, the spore density values were higher in the burned
than in the unburned areas in the Campo Limpo (356.833
vs. 170.667 spores/50 cm3 of soil, respectively) (Fig. 2a)
and Cerrado sensu stricto (224.667 vs. 90.333 spores/50
cm3 of soil, respectively) (Fig. 2j) phytophysiognomies,
not differing in the other phytophysiognomies. In the
third sampling, the burned areas had higher spore density than the unburned areas in all phytophysiognomies;
and in the last sampling, 13 months after the fire event,
spore density was not significantly different in burned and
unburned areas.
Roots’ mycorrhizal colonization rate was lower in the
burned than in the unburned areas in the first three samplings only in the Campo Limpo phytophysiognomy (burned: 0.226, 0.403, and 0.462%; unburned: 0.544, 0.882,
and 0.806%), being only relatively similar in the last sampling (burn: 0.64%; unburned: 0.681%) (Fig. 2b). The
other four phytophysiognomies did not show significant
differences regarding roots’ mycorrhizal colonization rate
between the burned and unburned areas, but values tenForest Systems

ded to increase towards the third sampling period, eight
months after the megafire (Fig. 2). EEG soil content was
overall not significantly different between burned and unburned plots, in all the investigated phytophysiognomies,
and was somewhat similar across the sampling periods,
with slightly higher values in the third sampling period
(5.718-7.085 mg/g of soil).
Stepwise regressions of RDAs (in both directions) of
the mycorrhizal parameters of this study, show that the
three factors tested (phytophysiognomy, fire effect, and
sampling period) significantly affected AMF spore density and root colonization (Table 2). Specifically, the effect
of phytophysiognomy in spore density was quite large,
while root colonization was mostly affected by the sampling period, factor that also highly affected EGG content -but this parameter was not affected by fire, and only
slightly affected by phytophysiognomy (Table 2).
The AMF genera Acaulospora, Claroideglomus, Diversispora, Glomus, Funneliformis, Sclerocystis, and
Gigaspora were identified in the rhizospheric soil of the
investigated phytophysiognomies (Table 1). Overall, the
presence of AMF genera did not differ between burned
and unburned areas (Table 1). The genera Acaulospora,
Claroideglomus, Diversispora, Funneliformis, and Gigaspora were identified in all phytophysiognomies, and
the genus Glomus was found in all phytophysiognomies,
regardless of fire action. The genera Sclerocystis was not
found in the rhizospheric soil of the Campo Limpo phytophysiognomy. In the Campo Limpo phytophysiognomy,
with the exception of the genus Diversispora, which in
the first sampling was only identified in unburned areas,
the other genera were found both in burned and unburned
plots (Table 1).

Discussion
Arbuscular mycorrhizal fungi (AMF), as well as any
soil microorganism, need specific environmental conditions for their proliferation and colonization (de Moura &
Cabral, 2019). Soil health and biodiversity recovery after
fire will depend on many factors, among them fire intensity, the amount of subsequent rain, preventive actions after the fire, among others. Cerrado soils have mostly low
natural fertility, condition that encourage the spread of
AMF and their colonization in crop vegetables (de Moura et al., 2019). Climatic conditions, soil movement, the
use of chemical fertilizers, wildfires, among other factors,
directly influence the amount of AMF spores in soil (de
Moura et al., 2019). All of these factors can affect microbial abundance, richness, and ecosystem functions (van
der Heyde et al., 2017).
The AMF community and parameters investigated in
our study mostly recovered after fire at the end of our sampling, a relatively short period (one year). Furthermore,
April 2022 • Volume 31 • Issue 1 • e001
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Figure 2. Arbuscular mycorrhizal fungi spore density (A, D, G, J, M), roots’ mycorrhizal colonization
(B, E, H, K, N), and easily extractable glomalin content (C, F, I, L, O) in Cerrado soils in burned and
unburned plots during four samplings times (1, 5, 8 and 13 months after megafire). Small letters indicate significant differences for sites without fire, capital letters for sites with fire.

by the second or third sampling periods, the three AMF
parameters investigated (spore density, roots colonization,
and EEG content) seemed to have fully recovered. Longo
et al. (2014) found that after 8 months, fire decreased the
richness of AMF spores, but -and as in our study- spore
density was not affected. Similarly, Dove & Hart (2017)
found in a meta-analysis that mycorrhizal colonization of
roots was not affected by fire, also a similar finding to our
Forest Systems

results, at least after certain time. Several other studies in
South America (Martínez et al., 2005, 2018; Paulino et
al., 2009; Rivas et al., 2016) have found a similar pattern:
a decrease in AMF biodiversity but no effect (or even an
increase) in different community parameters related to
their ecosystem functions. In our case, further morphological and molecular characterizations are required to
identify spores at a species level, to truly evaluate changes
April 2022 • Volume 31 • Issue 1 • e001
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Table 1. Genera of arbuscular mycorrhizal fungi associated with rhizospheric soil under the five phytophysiognomies evaluated at
four sampling periods (1st, one month after fire; 2nd, five months after fire; 3rd, eight months after fire, 4th, 13 months after fire) in the
Cerrado biome, without (control) and with the presence of fire (Chapada dos Veadeiros National Park megafire, 2017).
1st

2nd

3rd

4th

Without

With

Without

With

Without

With

Without

With

Acaulospora

+

+

+

+

+

+

Claroideglomus

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Campo Limpo

Diversispora
Glomus

+

+

Funneliformis

+

+

Gigaspora

+

+

Acaulospora

+

+

Claroideglomus

+

Diversispora

+

+

+

+

+

Campo Sujo
+
+
+

+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

Acaulospora

+

+

+

+

+

+

Claroideglomus

+

+

+

+

+

+

+

+

Diversispora

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Sclerocystis
Glomus

+

Funneliformis
Gigaspora

+

+

+

+

+

Cerradão

Sclerocystis
Glomus

+

+

+

Funneliformis

+

+

+

Gigaspora

+

+

+

+
+

+
+

Cerrado sensu stricto
Acaulospora

+

Claroideglomus
Diversispora

+

+

+

+

+

+

+

+

+

+
+

Sclerocystis
Glomus

+

+

+

+

+

+

+

+

Funneliformis

+

Gigaspora

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Veredas
Acaulospora

+

Claroideglomus
Diversispora

+

+

+
+

+

+

Sclerocystis
Glomus

+

+

Funneliformis

+

+

Gigaspora

+

+
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+

+

+

+

+
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Table 2. Stepwise models (in both directions) of redundancy analyses, RDA (Akaike criterium (AIC) and F-values
are shown, with p-values as asterisks) testing the effects of the different factors of this study on the mycorrhizal parameters measured. p<0.01: **; p<0.05: *
Factor

Spore density

Colonization

EGG

AIC

F

AIC

F

AIC

F

Phytophysiognomy

2286.1

29.004**

-790.11

5.890**

-107.151

3.046*

Fire effect

2210.8

15.651**

-797.84

9.288**

--

--

Sampling period

2204.8

9.567**

-744.03

70.188**

0.983

142.770**

in AMF biodiversity. This seems to be common feature of
AMF in most types of disturbances, which is not necessarily the case for other fungal guilds or even mycorrhizal
types (Marín et al., 2017; Steidinger et al., 2020; Marín
& Kohout, 2021; Rodriguez-Ramos et al., 2021). AMF
niches are relatively broad, driven mainly by temperature and soil pH, and correlated by phylogeny (Davison et
al., 2021), which together with their broad distribution
and low worldwide endemism (Davison et al., 2015),
might explain their high recovery capacity. These broad
niches and biogeographic distributions could in part explain our results: related taxa, which arrives relatively
quickly after the fire, given their ubiquity, ends up having
similar performances (e.g. in EGG or roots` colonization)
after disturbances.
The AMF spore density results obtained here are similar to those obtained by Cordeiro et al. (2005), who
found similar patterns when evaluating areas of the native Cerrado biome, more specifically the Cerrado sensu
stricto phytophysiognomy, where they found a spore density of 368 spores per 50 cm³ of soil. The symbiotic association between plants and AMF is especially stimulated
when the plant is in an stressful environment (de Souza
et al., 2016). Fungi help the plant in its nutrition and water absorption -besides pathogen and drought resistance
(among other disturbances), allowing it to survive several
and severe environmental changes (van der Heyde et al.,
2017). The highest values of spore density were found in
areas under fire in all phytophysiognomies, in the second
and third sampling periods, demonstrating the importance
of the AMF response to a megafire event. In the fourth
sampling period, when the Cerrado areas had partially recovered from fire, the spore density values of the burned
and unburned areas were similar.
Fire promotes significant changes in vegetation and
plays key roles in plant physiology and community structure (Veenendaal et al., 2018). The post-fire plant regeneration process can take decades. Even if some plants
are fire-adapted, variation in fire severity and intensity
can lead to irreversible damage to some plants (Klink et
al., 2020). Low intensity fires mainly affect undergrowth,
which consists of the understory, grasses, and lower vegetation (van der Werf et al., 2017; Klink et al., 2020). In
such case, trees are mostly not affected due to the rapid
passage of fire. However, in atypical environmental conForest Systems

ditions, where flames can reach up to 2.5 m in height, tree
crowns can be burned (Kauffman et al., 1994; Miranda et
al., 2009). In the Cerrado ecosystem, plant recovery after
the incidence of fire occurs gradually, and some species
may start flowering a few days after the fire event, while other species take weeks or months. In our study, the
first species to be recomposed are the constituents of the
herbaceous layer, mainly grasses and other graminoids.
Klink et al. (2020) determined four patterns of post-fire
re-sprouting in the Cerrado ecosystem: 1) at the beginning
of the rainy season; 2) in the middle of the rainy season;
3) in the second half of the rainy season; and 4) at the end
of the dry season. At least 70% of plant biomass is recovered by the mid-next rainy season (Klink et al., 2020).
The roots’ mycorrhizal colonization rate in four out of
five of the investigated phytophysiognomies presented a
similar temporal trend to that of spore density: in the first
sampling, the values were lower in the burned than in the
unburned plots. Nutrient bioavailability is an important
factor that directly influences the rate of roots’ arbuscular mycorrhizal colonization in plants (van der Heyde et
al., 2017). An stressful, nutrient-depleted condition might
provide an environment conducive to the establishment
of this symbiosis, because the plant needs the fungus to
acquire nutrients otherwise unavailable, or else, colonization might be impaired in soils where the plant has at
its disposal a greater nutritional support (Ezawa & Saito,
2018). This could explain why in our study, burned areas
had lower colonization rates than unburned areas. Ash
supply temporarily increases nutrient availability, impairing root colonization (Longo et al., 2014). Similar trends
regarding mycorrhizal colonization and soil nutrients
were found by Martínez et al. (2005), de Oliveira et al.
(2006), and Rivas et al. (2016).
The amount of roots analyzed was the same for all
treatments, not influencing the results. The passage of
fire was fast and, in a way, does not affect the integrity of
the roots in the short term. In our study, the first samples
were collected soon after the fire was contained. Thus,
root sampling was possible even in phytophysiognomies
that had their vegetation consumed by fire. The phytophysiognomies Campo Limpo, Campo Sujo, and Cerrado
sensu stricto are mostly constituted by plants that have a
rapid recovery, which does not affect the amount of roots
of subsequent collections (Klink et al., 2020). In the case
April 2022 • Volume 31 • Issue 1 • e001
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of the Cerradão phytophysiognomy, the woody layer is
not consumed by fire, not affecting plant survival (Walter, 2006). In the case of the Veredas phytophysiognomy,
its soil is hydromorphic (Walter, 2006), which allows the
rapid recovery of plants that constitute this phytophysiognomy. Other plants, such as Mauritia flexuosa, as well
as Cerradão trees, are not consumed by fire due to their
woody layer.
Very few studies have examined AMF biodiversity and
community parameters immediately after the fire -usually
some weeks, months or years have passed in most studies.
Bellgard et al. (1994) –one of those few studies– found reduced AMF colonization immediately after fire compared
to pre-fire conditions, but no difference between burn and
unburned sites –a similar result to ours. Similarly, after
one year, other studied parameters like AMF spore numbers and diversity recovered, which could be related to the
sprouting organs of the vegetation present (Bellgard et al.,
1994). Very similar results were obtained by Aguilar-Fernández et al. (2009) in a tropical dry forest, with very few
changes in the AMF community after forest conversion
by slash-and-burn followed by cultivation. Studies where
the first sampling was conducted some few months after
the fire (Rashid et al., 1997; Longo et al., 2014; Xiang
et al., 2015) seem to agree with the above-described
pattern, overall showing low AMF resistance but high resilience to fire (Xiang et al., 2015). Longo et al. (2014)
showed that such pattern can be explained by fire having
direct effects on the AMF community, not necessarily mediated by the effects of fire in soil physical and chemical
properties.
In our study we found that spore density and AMF
colonization of roots immediately decreased after the
fire, but the effect was not so drastic in EGG soil content. Thus, a reduced amount of AMF spores, colonizing
less roots, possibly are over-producing EGG in order to
immediately stabilize the post-fire soil conditions. Afterwards, EGG production probably stabilizes. Though,
fire did not significantly increased EEG soil content in
almost all the phytophysiognomies investigated. Although, and as previously mentioned, EGG measurements usually have interference from other (non-AMF)
substances (Holátko et al., 2021), so these results should
be taken as a proxy. Moya et al. (2019) found higher
levels of glomalin in soil after fire, both in treatments
with high and low severity fire -an aspect we should
test in further studies, as the fire in our system had a
very high severity. Similar results regarding glomalin
content after fires in Chile have been reported by Rivas et al. (2016), but in a very different ecosystem such
as the temperate rainforests. The mycorrhizal activity
in these forests intensified due to the demand for vegetation in the stressed areas, which were reflected in
a greater protein production. The EEG values reported
here were similar to those found by Santos (2016) in
Forest Systems

Cerrado soils, which ranged from 2.1 to 4.4 mg g-1 of
soil. Fokom et al. (2012), when evaluating agricultural
areas of intercropping with peanut, corn, banana, and
cassava crops, found values of 6.51 mg g-1 of soil, also
similar to our results; in forested areas, though, they
found higher values reaching up to 10.56 mg g-1 of soil.
Glomalin soil content varies according to the species
of mycorrhizal fungi found colonizing roots. Wright &
Upadhyaya (1999) found a difference in glomalin production according to the studied AMF species: Gigaspora
rosea and Gigaspora gigantea had higher glomalin productivity than Glomus intaradices and Glomus etunicatum (Wright & Upadhyaya, 1996), when evaluated under
cultivation in a culture medium. As in their study, AMF
genera as Glomus and Gigaspora were ubiquitous in our
study. Similar to our study, where sampling time highly
affected EGG, Rivas et al. (2016), when carrying out soil
sampling one day and four years after fires on soils in
the Andes, found that the difference in glomalin-related
protein content was significant, but limited to the first 10
cm of the soil horizon. In contrast to our results, Sharifi
et al. (2018), when carrying out work in the Zagros forest in western Iran, found that glomalin soil content was
greater in burned areas than in native unburned forests;
they found that the greater the fire intensity the greater
the glomalin soil content, and that these values tended
to increase in follow-up samplings. Sharifi et al. (2018)
strongly recommend the use of glomalin (or proxies)
as an indicator of soil degradation by fire, albeit the
current difficulties to correctly measure this protein in soil
(Holátko et al., 2021).
In summary, the presence of fire influenced the AMF
community and its parameters in Cerrado soils, especially
during the first sampling period, right after the containment of the flames. The Cerrado's responses to fire can
also be seen in the community parameters of AMF, in
which the values of spore density, roots’ colonization rate,
and EGG soil content tended to match up in the burned
and unburned areas. Similarly, with few exceptions, the
genera of these fungi were similar in burned and unburned areas.
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Table S1. Averages and SDs of the mycorrhizal parameters evaluated across sampling times and phytophysiognomies.
Spore density (no. spores/50cm3 soil)
Phytophysiognomy
Campo Limpo

With

Without

Campo Sujo

With

Without

Cerradão

With

Without

Cerrado sensu stricto

With

Without

Veredas

Colonization (%)

EGG (mg/g of soil)

Fire

With

Without

1st

2nd

3rd

4th

1st

2nd

3rd

4th

1st

2nd

3rd

4th

96.333

356.833

331.333

155

0.226

0.403

0.462

0.64

3.603

5.687

5.749

6.054

±11.499

±44.073

±53.225

±30.469

±0.109

±0.05

±0.144

±0.094

±0.645

±0.076

±0.495

±0.427

68.667

170.667

186

155.5

0.544

0.882

0.806

0.681

4.504

5.749

7.085

6.054

±19.431

±13.96

±12.028

±30.489

±0.138

±0.047

±0.061

±0.102

±0.953

±0.158

±0.274

±0.427

113

178.333

189.333

104.167

0.435

0.661

0.777

0.669

5.265

5.656

6.65

5.884

±12.097

±19.754

±9.463

±14.088

±0.156

±0.059

±0.068

±0.155

±0.854

±0.088

±0.495

±0.32

102

166

127.833

113.333

0.461

0.756

0.76

0.642

4.551

5.221

5.718

5.806

±18.708

±23.195

±27.552

±4.989

±0.17

±0.042

±0.056

±0.171

±0.972

±0.349

±0.245

±0.359

112.333

481

391

301.167

0.187

0.403

0.862

0.624

4.489

6.496

6.931

6.396

±52.509

±18.403

±75.173

±75.891

±0.115

±0.016

±0.063

±0.14

±0.297

±0.044

±0.376

±0.561

173

413.5

214.667

328

0.25

0.491

0.731

0.542

5.064

5.78

6.837

6.256

±29.098

±61.784

±55.211

±90.745

±0.048

±0.185

±0.117

±0.138

±0.829

±0.076

±0.439

±0.58

58.667

224.667

274.667

108

0.403

0.736

0.822

0.506

4.893

5.749

5.723

6.598

±18.83

±13.597

±19.939

±39.467

±0.065

±0.025

±0.035

±0.144

±0.831

±0.088

±0.044

±0.26

59.833

90.333

90.667

80.833

0.531

0.69

0.93

0.586

4.768

5.967

6.557

6.225

±20.948

±5.793

±4.643

±43.341

±0.172

±0.048

±0.023

±0.132

±0.57

±0.403

±0.288

±0.428

115.667

276.333

419.667

184.5

0.346

0.652

0.896

0.781

3.619

6.153

6.899

5.775

±34.697

±28.802

±33.954

±34.292

±0.195

±0.04

±0.027

±0.138

±0.393

±0.533

±0.806

±0.258

154

289.333

366.667

141.833

0.451

0.682

0.797

0.726

3.992

6.246

6.154

6.132

±39.737

±72.91

±85.168

±49.083

±0.124

±0.124

±0.094

±0.107

±0.342

±0.332

±0.727

±0.642

EGG: easily extractable glomalin
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