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HIGHLIGHTS

Brazilian forest ecosystems carry ubiquitous and rare species of arburcular mycorrhiza 
fungi (AMF).

The method of spore morphology underestimates AMF diversity in forest ecosystems.

The AMF are not specific to host-plant but to the environments where plants grow.

Ubiquitous AMF species may be a source of AMF inocula for forests.

ABSTRACT

Plants can stablish symbiosis with arburcular mycorrhiza fungi (AMF), in which the fungus 
uses carbohydrates synthesized by plant photosynthesis in exchange for soil nutrients. 
AMF symbiosis may benefit plants by increasing the rates of nutrient uptake, tolerance 
to abiotic stresses, protection against pathogens and, by promoting resilience of forest 
species to adverse conditions. Knowledge about the diversity of mycorrhizas may help 
stablish relationships of species selection, AMF production and inoculation. Therefore, 
the objective of this review is to compile information to identify existing patterns in AMF 
diversity in Brazilian forest ecosystems. Compilation was based in 74 articles (in English, 
Portuguese and Spanish languages) searched in the Web of Knowledge and selected for 
having the keywords  “forest”, “diversity”, “mycorrhizal” and “Brazil”, and that identified 
AMF species by spore morphology. Compilation resulted in a list of 164 AMF species 
and indicated that AMF species are not plant host specific but they are selected by 
environmental conditions where the host grows. Some AMF species were ubiquitous 
and some were rare in forest ecosystems. Rare AMF species may be an artefact of 
AMF identification because, in comparison to molecular tools, spore morphology may 
underestimate AMF diversity. Four AMF species, Acaulospora scrobiculata, Acaulospora 
foveata, Clareoideglomus etunicatum and Glomus macrocarpum, were ubiquitous to several 
biomes, existed in different stage of forest succession and seemed to be adapted to different 
forest managements. Therefore, A. scrobiculata, A. foveata, A. mellea, C. etunicatum and G. 
macrocarpum could have potential to be used as AMF inoculant in forest species.
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INTRODUCTION

Plants can grow in many inhospitable environments 
because they can stablish symbiotic association with 
mycorrhizae fungi. In the mycorrhizal plant-fungi 
symbiosis, the fungus uses carbohydrates synthesized 
by plant photosynthesis in exchange for soil nutrients. 
Mycorrhizal fungi grow in the root systems and form 
extrarradical hyphae that increase the soil volume in which 
roots can absorb water and nutrients. The mycorrhizal 
symbiosis results in greater rates of nutrient plant uptake 
(the most notable being phosphate), improves plant 
tolerance to abiotic stresses like water stress, soil acidity 
and high temperatures. Mycorrhizal fungi also increases 
plant protection against phytopathogens as mycorrhizal 
fungi occupy the root space that could be infected by 
pathogen fungi. Therefore, mycorrhizal symbiosis may 
promote greater resilience of forest species under 
adverse environmental conditions, for example, helping 
rehabilitation of degraded areas by increasing biomass 
and plant nutrition (Vozzo et al., 1971, Skujins; Allen, 
1986). In addition, mycorrhizal fungi are also important 
to determine the composition of plant species in plant 
community as mycorrhizal symbiosis improves plant 
growth stability under soil stressful condition (Gange et 
al., 1993, Van Der Heijden et al.,1998).

Robert Hartig in 1840 was the first to describe 
mycorrhizal association but he considered mycorrhizal 
fungi to be root parasites. Later, in 1885, Albert Bernard 
Frank conceptualized the mycorrhizal symbiosis as it is 
known today. From that point forward, paleobotanical, 
morphological and phylogenetic data have demonstrated 
that plants and mycorrhizal fungi have coevolved  more 
than 400 million years ago (Brundrett, 2002). There 
are at least three types of mycorrhizal symbioses: 
ectomycorrhizal (when mycelia grow outside the root 
tissues), endomycorrhizal (when mycelia grow inside 
the root tissues) and ecto-endomycorrhizal (when both 
types of mycelia growth occur). 

Arbuscular mycorrhizal fungi (AMF) are 
endomycorrhizal symbiotic filamentous fungi that form 
mycelia and special structures called arbuscles inside the 
root cells. AMF encompasses hundreds species belonging 
to the Kindgon of Fungi and Phylum of Glomeromycota, 
which may colonize about 80% of terrestrial plants 
(Smith; Read, 2008). The AMF species richness is related 
to the plant host richness in the ecosystem. Increases in 
AMF-plant richness increase the abundance of hyphae in 
the soil, which in turn, increase the plant nutrient uptake 
and growth (Van Der Heijden et al., 2008). Therefore, 
there is a possible relationship between the richness of 

AMF and the composition of forest species in different 
environments and different forest succession (Janos, 
1980a,b; Zangaro et al., 2000; Uibopuu et al., 2009; 
Kikvidze et al., 2010; Shi et al., 2016). AMF colonization 
is ubiquitous as they were found in dunes (Assis et al., 
2016), mangroves (Hu et al., 2015), salt environments 
(Evelin et al., 2009; Elhindi et al., 2017), among others. 
However, occurrence of the symbiosis and AMF 
development depend on the characteristics of the 
environment such as soil pH, soil type, climate, stage of 
forest succession, host species and level of mycorrhizal 
dependence of host species. Plants are believed to be 
dependent on AMF colonization because the decrease in 
AMF richness results in decrease of plant species richness 
(Gange et al., 1993). 

In Brazil, experiments in nursery and field 
conditions have confirmed the potential of using AMF 
inoculants to stimulate seedling growth, plant nutrient 
uptake and yields of planted forests (Marinho et al., 2004; 
Schiavo et al., 2010; Mello et al., 2012; Lima; Sousa, 
2014) because AMF inoculation facilitates the dynamic 
process of colonization by AMF species. In fact, the AMF 
morphotype to be employed as AMF inoculant should 
be effective to promote plant growth, increase the plant 
tolerance to environmental stresses, but they need to be 
competitive against indigenous AMF species (e.g. Séry 
et al., 2016; Vilcatoma-Medina et al., 2018). In spite of 
several experiments, it remains unresolved which of the 
AMF species that would be the most appropriated to be 
employed as AMF inoculant in many forest species (e.g. 
Vilcatoma-Medina et al., 2018). Knowledge on which 
AMF species are dominating a forest ecosystem may help 
target better strategies of AMF selection, production 
and inoculation with potential beneficial returns to the 
ecosystem. Therefore, the objective of this review is to 
compile information to identify existing patterns in AMF 
diversity in Brazilian forest ecosystems. 

Literature Gathering

Initially, it was searched for articles that contained 
the keywords “biodiversity”, “mycorrhizal” and 
“Brazil” and the respective Portuguese translations 
(“biodiversidade”, “micorriza” and “Brasil”) in the data 
base Web of Science, Portal de Periódicos Capes/MEC 
(http://www-periodicos-capes-gov-br.ez22.periodicos.
capes.gov.br/). Among the selected articles of the first 
round, the articles that investigated AMF associated with 
forest plant species or forest ecosystems, and that were 
peer-reviewed  were selected (n=958). Then, articles 
were selected that contained taxonomic identification of 
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AMF species based on spore morphology (e.g. taxonomical 
classification as proposed by Redecker et al. 2013). The 
approach of using spore morphology was chosen to 
ensure that the comparison among different ecosystems 
was fair. Our first browsing pointed out that molecular 
tools are identifying a much larger number of species than 
the traditional microscope methods (spore morphology), 
and therefore, changes in diversity would not be explained 
by the ecosystem but by the AMF identification method. In 
addition, spores identified only by their putative genus had 
to be excluded (e.g. Glomus sp. 1, Glomus sp. 2, Glomus 
sp.3 …) because there was no control on the possible 
overlapping of species found in different studies. 

Literature research resulted in the data compilation 
of 74 articles describing AMF diversity in Brazilian forest 
ecosystems, which were published between January 1997 
and August 2018 in the English, Portuguese or Spanish 
languages. Details of the individual experiments are given 
in the list of Supplementary Material. 

Selected articles considered the homepage 
<http://www.amf-phylogeny.com/> for taxonomy and 
phylogeny, with a list of more than 400 species of AMF 
species. The articles of Brazilian forest ecosystems 
reported the occurrence of at least 164 AMF species, 
without considering those that were only identified at 
genus level (Supplementary Material). However, it is likely 
that diversity would be much greater if AMF identity was 
based on molecular dissimilarities (Vieira et al., 2017). 

The taxonomy of AMF spores based on the 
primary, secondary and tertiary layers of the spore wall, 
the germinative walls and the germination structures 
(Morton et al., 1995) is not an expensive approach, when 
the researcher is already trained in identifying spore 
structures under the microscope. However, the discovery 
of new species leading to questions on the current 
phylogeny and the lack of lab expertise to recognize the 
spore structures make the morphological identification a 
challenge. On the other hand, DNA sequencing, which 
is a more objective approach despite not being cheap 
and fully developed, could also identity AMF. In that 
case, two overlapping sequences of nuclear DNA -the 
smaller subunit (SSU) in the internal transcribed spacer 
(ITS) region and the larger subunit (LSU) in the ribosomal 
DNA (rDNA), targeted by a mixture of primers, are 
strong candidate genetic regions for distinguishing AMF 
species (Krüger et al., 2009). However, probably due 
to the small number of available sequences of all AMF 
species (Krüger et al., 2014) and perhaps due to failure 
in sequencing all possible individuals in the environment, 
even molecular tools cannot embrace the whole AMF 
diversity environmental samples (Vasar et al., 2017).

Occurrence of AMF morphotypes in Brazilian 
biomes

Brazil encompasses six major terrestrial biomes: 
Amazon Forest, Atlantic Forest, Cerrados (Brazilian 
savannas), Caatinga, Pantanal and Pampas (highlands 
grasslands) (IBGE, 2004). Biome is a set of contiguous 
types of vegetation, recognizable in regional scale, with 
similar geographic and climatic conditions and history of 
changes, which results in a particular biological diversity. 
Because each biome sustains a particular group of plants, 
it was supposed that AMF diversity in each host plant 
would be specifically related to each biome. 

The AMF were distributed in the six biomes as 
follows: 132 in Amazon Forest, 101 in Atlantic Forest, 87 
in Cerrados, 63 in Caatinga, 19 in Pantanal and 5 in Pampa. 
The Atlantic Forest and the Caatinga concentrated 74% 
of the studies, which shows that studies with mycorrhizal 
symbiosis is still incipient in Brazil. Pantanal, Pampa, 
Amazon Forest and Cerrado had, respectively, 1, 1, 7 
and 7 papers on diversity of published AMF. The list of 
AMF encountered in the 78 papers considered in this 
review probably underestimated  the diversity of species 
that can be found in Brazilian biomes. 

The first important finding of this research is that 
AMF species are not plant host specific but are selected 
by the environmental conditions where the host grows. 
In addition, the research listed a large number of species 
in different forest ecosystems (plant rhizosphere and 
biome) making it possible to point out ubiquitous and 
rare species (Table 1). In this paper, ubiquitous species 
were those found in two or more biomes while rare 
species were those found in only one biome. Many AMF 
species were considered to be ubiquitous but a few of 
them were considered rare (Table 1).

Sesbania virgata was the host plant with lower 
number of diferent AMF species. The AMF Dominikia 
aurea and Racocetra alborosea occurred only in Manilkara 
zapota, Funneliformis caledonium and Rhizoglomus arabicum 
only in Mimosa tenuiflora and Glomus multisubstensum in 
Eucalytus spp., but we cannot confirm whether they are 
rare species. Rare AMF species may be an artefact of 
AMF identification because, in comparison to molecular 
tools, spore morphology may underestimate AMF 
diversity. In addition, the AMF Acaulospora minuta, 
Glomus nanolumen, Glomus pansihalos and Paraglomus 
pernambucanum occurred in some forest ecosystems, 
but they were not related with a specific host plant. They 
could be rare AMF species, althougth not specific to a 
host plant.
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TABLE 1 Occurrence of Arbuscular Mycorrhizal Fungi (AMF) species in hosts from native and planted forests in Brazilian ecosystems. Data 
compilation included papers showing AMF identification based on spore morphology that were published during the period from 
1997 January to 2018 August. Papers relating diversity on the basis of molecular analyses are cited throughout the manuscript.

Biome

A
tla

nt
ic

A
tla

nt
ic

A
m

az
on

A
tla

nt
ic

A
tla

nt
ic

/
C

er
ra

do

N
ot

 in
fo

rm
ed

N
ot

 in
fo

rm
ed

C
aa

tin
ga

A
m

az
on

C
er

ra
do

C
er

ra
do

At
lan

tic
/

C
aa

tin
ga

A
tla

nt
ic

N
ot

 in
fo

rm
ed

A
tla

nt
ic

C
aa

tin
ga

A
tla

nt
ic

A
tla

nt
ic

A
tla

nt
ic

A
tla

nt
ic

C
aa

tin
ga

A
tla

nt
ic

C
aa

tin
ga

A
tla

nt
ic

N
ot

 in
fo

rm
ed

N
ot

 in
fo

rm
ed

N
ot

 in
fo

rm
ed

A
tla

nt
ic

A
tla

nt
ic

A
tla

nt
ic

A
tla

nt
ic

A
tla

nt
ic

A
tla

nt
ic

A
m

az
on

To
ta

l

Plant Host

Ac
ac

ia
 m

an
gi

um
A.

 m
an

gi
um

 x
 

E.
 g

ra
nd

is
An

di
ra

 m
ic

ra
nt

a

Ar
au

ca
ria

 a
ng

us
tif

ol
ia

Ca
ric

a 
pa

pa
ya

C.
sin

en
sis

 x
 C

. l
im

on

Co
ffe

a 
ar

áb
ic

a

Co
m

m
ip

ho
ra

 le
pt

op
hl

oe
os

Ep
er

un
a 

gr
ab

rifl
or

a
E.

 c
am

al
du

le
ns

is

E.
 c

am
al

du
le

ns
is 

x
 B

ra
ch

ia
ria

 

Eu
ca

ly
pt

us
 g

ra
nd

is

Eu
ca

ly
pt

us
 s

p.

Eu
ca

ly
pt

us
 u

ro
ph

yl
la

H
ev

ea
 b

ra
sil

ie
ns

is

Le
uc

ae
na

 le
uc

oc
ep

ha
la

M
al

us
 d

om
es

tic
a

M
al

us
 p

ru
ni

fo
lia

M
an

ilk
ar

a 
za

po
ta

M
im

os
a 

bi
m

uc
ro

na
ta

M
im

os
a 

ca
es

al
pi

ni
ae

fo
lia

M
im

os
a 

sc
ra

be
lla

M
im

os
a 

te
nu

ifl
or

a

Pi
nu

s 
ta

ed
a

Pl
an

th
ym

en
ia

 re
tic

ul
at

a

Po
nc

iru
s 

tr
ifo

lia
ta

Pt
er

og
yn

e 
ni

te
ns

Se
sb

an
ia

 v
irg

at
a

S.
 v

irg
at

a 
x 

A.
 m

an
gi

um

S.
 vi

rg
at

a 
x 

E.
 c

am
al

du
le

ns
is

Sw
ie

te
ni

a 
m

ac
ro

ph
yll

a

Th
eo

br
om

a 
ca

ca
o

To
co

ye
na

 s
el

lo
an

a

Z
yg

ia
 ra

ce
m

os
a

Acaulospora
A. bireticulata X X X X 4
A. brasiliensis X X 2
A. colombiana X X X X X X X X X X 10

A. delicata X X 2
A. denticulata X X 2

A. dilatata X 1
A. elegans X X 2

A. excavata X X X X X X X X X 9
A. foveata X X X X X X X X X X X X X X X X X X X X 20
A. herrerae X 1

A. kentinensis X X 2
A. koskei X X X X 4

A. lacunosa X X 2
A. laevis X X X X X X X X 8

A. longula X X X X X X 6
A. mellea X X X X X X X X X X X X X X X X X X X X X X X 23
A. minuta X 1

A. morrowiae X X X X X X X X X X X X X X X X 16
A. reducta X 1
A. rehmii X X X X X X X X X X 10
A. rugosa X X 2

A. scrobiculata X X X X X X X X X X X X X X X X X X X X X X X X X X 26
A. spinosa X X X X X X X X X 9

A. tuberculata X X X X X X X X X X X 11
Ambispora

A. appendicula X X X X X X X X X 9
A. gerdemannii X X X 3
A. leptoticha X X X X X X X X X X X X X X X X 16
Archaeospora

A. trappei X X X X X X X 7
Cetraspora
C. gilmorei X X 2
C. pellucida X X X X X X X X X X X X 12

Claroideoglomus
C. claroideum X X X X X X X 7
C. drummondii X X X 3
C. etunicatum X X X X X X X X X X X X X 13
C. lamellosum X X 2

C. luteum X X 2
Corymbiglomus
C. tortuosum X X X X X 5
Dentiscutata

D. aurea X 1
D. biornata X X X X 4

D. cerradensis X X X X X X X X 8
D. erythropus X X X 3

D. heterogama X X X X X X X X X X X 11
D. nigra X X 2
D. rubra X 1

Diversispora
D. eburnea X X X X 4
D. pustulata X X X 3

D. spurca X 1
D. versiformis X X X X 4

Dominikia
D. minuta X X X 3

Entrophospora
E. infrequens X X X X X X 6
Funneliformis

F. badium X X X 3
F. caledonium X 1
F. geosporus X X X X X X X X X 9

continue...
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F. mosseae X X X X X 5
Gigaspora
G. albida X X 2

G. decipiens X X X X X X X X X X X X X 13
G. gigantea X X X X X X X X X X 10
G. margarita X X X X X X X X X X X 11

G. ramisporophora X X 2
G. rosea X X X 3
Glomus

G. ambisporum X 1
G. atrouva X X X 3
G. australe X X X 3
G. brohultii X X X X X X X 7

G. coremioides X X 2
G. diaphanum X X X X X X 6
G. fuegianum X X X 3

G. glomerulatum X X X X X X 6
G. heterosporum X X X 3
G. invermaium X X 2

G. macrocarpum X X X X X X X X X X X X X X X X X X X 19
G. microaggregatum X X X X 4

G. microcarpum X X X X X X X X 8
G. multisubstensum X 1

G. nanolumen X 1
G. pansihalos X 1
G. rubiforme X X X 3
G. sinuosum X X X X X X X 7
G. spinosum X X X 3

G. spinuliferum X 1
G. taiwanense X X X X X 5
G. tenebrosum X X X X X 5

G. trufemii X X X X X 5
Intraornatospora

I. intraornata X X X 3
Orbispora

O. pernambucana X 1
Pacispora

P. boliviana X 1
P. robigina X X X 3

Paraglomus
P. brasilianum X X 2
P. occultum X X X X X X X X X X 10

P. pernambucanum X 1
Racocetra

R. alborosea X 1
R. castanea X X X 3

R. coralloidea X X X 3
R. fulgida X X X X X 5

R. gregaria X X X 3
R. persica X X X 3

R. tropicana X X X 3
R. verrucosa X X X X X X 6

R. weresubiae X 1
Rhizoglomus

R. aggregatum X X 2
R. arabicum X 1
R. clarum X X X X X X X X 8

R. fasciculatum X X X 3
R. intraradices X X X X 4

R.irregulare X 1
Sclerocystis

Sclerocystis sinuosa X X 2
Scutellospora
S. arenicola X X X 3
S. calospora X X X X X X X X X 9

S. dipurpurescens X X X 3
Septoglomus

S. constrictum                       X            1
Total 22 9 32 42 19 13 9 10 34 12 10 7 28 8 13 17 23 11 21 7 21 7 51 6 8 14 9 4 5 8 17 7 11 35

Sources: Araujo et al. (2007); Bini et al. (2017); Breuninger et al. (2000); Caproni et al. (2005); Carrenho et al. (1998); Cavallazzi et al. (2007); Fernandes et al. (2016); Focchi et al. (2004); Freitas 
et al. (2014); Gomes and Trufem (1998); Lammel et al. (2015); Leal et al. (2016); Mello et al. (2006); Moreira et al. (2007); Moreira et al. (2009); Moreira-Souza et al. (2003); Pagano et al. (2009); 
Pagano and Scotti (2008); Pereira et al. (2014); Pontes et al. (2017); Purin et al. (2006); Santos et al. (2013); Silva et al. (2007); Silva et al. (2014); Souza et al. (2010); Souza et al. (2016); Teixeira 
et al. (2017); Teixeira-Rios et al. (2018); Trindade et al. (2006); Vilcatoma-Medina et al. (2018); Zandavalli et al. (2008).
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The AMF species Acaulospora dilatata, Acaulospora 
herrerae, Acaulospora reducta, Dentiscutata rubra, 
Diversispora spurca, Glomus ambisporum, Paraglomus 
pernambucana, Pacispora boliviana, Racocetra weresubiae, 
Rhizoglomus irregulare and Septoglomus constrictum 
occurred in more than one biome and, despite being 
associated with a specific host plant, they could be 
considered ubiquitous (Table 1). Furthermore, the 
AMF species Acaulospora foveata, Acaulospora mellea, 
Acaulospora scrobiculata, Glomus macrocarpum were 
widely distributed and in the Atlantic Forest, Amazon 
Forest, Cerrado and Caatinga biomes (Table 1) and, 
therefore, they were considered ubiquitous AMF species. 

A. foevata was found in areas of commercial 
reforestation of Pinus taeda (Zandavalli et al., 2008), in 
areas with Eucalyptus grandis (Pagano; Scotti, 2008), E. 
camaldulensis (Pagano et al., 2009), E. urophylla (Santos et 
al., 2013). G. macrocarpum occurred in commercial forest 
species of E. camaldulensis, E. grandis, M. domestica, M. 
prunifolia, P. taeda and S. virgata, in both monocultures 
and consortium forest plantations (Table 1).  It is possible 
to suggest that A. foveata and G. macrocarpum are AMF 
species more resistant to soil environmental changes, 
and, they could be candidates for AMF selection.

Distribuition of AMF species should not be 
explained only based on host plant or biome probably 
because plants and microbial soil communities have close 
relationships that are associated with the soil fertility 
(Van Der Heijden et al., 2008; Burns et al., 2015; Bonfim 
et al., 2016; Casazza et al., 2017). AMF diversity can 
be lower and more homogeneous in fertile soils having 
high N/P ratio (Kikvidze et al., 2010). However, plant 
roots and AMF development adjust physiologically and 
morphologically according to the availability of P (Ushio 
et al., 2015, Vilcatoma-Medina et al., 2018). In addition, 
soil pH also plays a significant role in the AMF community 
by altering the diversity of AMF (Kawahara et al., 2016, 
Vilcatoma-Medina et al., 2018) probably by changes in 
availability of Al, Fe and Mn. Excess of these elements also 
changes the AMF community favoring the adapted AMF 
in the region (Silva et al., 2005). Therefore, the patterns 
of AMF diversity in a forest ecosystem are defined by 
the combination of host identity and environmental 
conditions where the host grows.

Forestry successions

AMF have an important role in forest succession 
as they impact on the competition and diversity of forest 
species (Zangaro et al., 2000; Zangaro et al., 2016) mainly 
at the beginning of the succession (Gange et al., 1993). 

Indeed, Janos (1980a, 1980b) hypothesized that forest 
species in initial ecological sequences are less dependent 
on mycorrhizae than late successional species (Janos, 
1980a) while pioneer forest species are not mycotrophic 
(Janos, 1980b). Forests of late succession need more 
efficient mechanisms in the cycling of nutrients than 
the initial forests with a higher index of plant species 
depending on AMF and greater symbiosis (Janos, 1980a; 
Rowe et al., 2007). However, other studies have indicated 
that tree species of initial ecological sequences have a 
greater presence of AMF species in relation to the climax 
(late) sequences, especially when mycotrophic forest 
species are present (Zangaro et al., 2000; Uibopuu et al., 
2009). In fact, microbial symbionts (AMF) have positive 
and important effects on plant communities(Schuldt et 
al., 2017).

Climax forest species have higher nutrient 
reserves in seeds and slower growth than pioneer forest 
species (Zangaro et al., 2000). Climax forest species are 
benefited from shading in initial growth and once the 
root system is developed, they have greater absorption 
of nutrients from the environment without the need 
of sustaining the AMF symbiosis (Zangaro et al., 2000). 
Greater abundance AMF spores at the beginning of the 
forest succession may occur because plants need to 
establish rapidly and mycorrhizal symbiosis is beneficial 
(Zangaro et al., 2000). On the other hand, lower 
abundance of AMF spores in forests of climax succession 
may be associated with higher production of mycelium 
than sporulation (Stürmer; Siqueira, 2011) although the 
process of AMF sporulation may not be correlated with 
time of revegetation (Bonfim et al., 2013). In this review, 
only 11 out the 75 papers identified the forest succession 
of the study area. Table 2 lists the distribution of 76 AMF 
species into three types of succession: primary, secondary 
and climax.

It is interesting to notice that Acaulospora scrobiculata 
and Claroideoglomus etunicatum, regarded as ubiquitous 
species (Table 1), have occurred in all successions (Table 
2). Therefore, in addition to A. foveata and G. macrocarpum, 
A. scrobiculata and C. etunicatum also could have potential 
to be used as AMF inoculant in forest species. 

The fact that few AMF species can be found in 
different succession stages is rather important. In climax 
forests, climax plant species do not require support from 
AMF symbiosis (e.g. Zangaro et al., 2000). But, when 
the forest system is disturbed and the environment 
is unfavorable for plant growth, plants are no longer 
self-sufficient and should stimulate the formation of 
AMF symbiosis. AMF symbiosis should increase the 
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competitiveness of pioneer plant species over non-
pioneer plant species. However, hardness of competition 
is more associated to the sensitivity of AMF species to the 
environmental changes than to the size of AMF diversity 
(Mcguire et al., 2008; Shi et al., 2016). Therefore, even 
if an environment is intensively managed, the ecosystem 
may offer the necessary symbiosis for the environment 
restoration (Uibopuu et al., 2009). Our suggestion is that 
strategies to use AMF inoculants should consider AMF 
species that are capable to grow and to survive under 
different forest succession stages.

Furthermore, although time is considered 
an inherent dimension when studying the primary 
succession (Kikvidze et al., 2010), this factor must be 
considered in the comparisons of diversity, as well as 
the spatial dimension and the mean. The time required 
to reach a climax forest in different forest ecosystems 
varies greatly, from about 30 years in a tropical forest to 
hundreds of years in boreal forests. Studies with primary 
successions use as a model areas originated from volcanic 
eruptions or even  sand dunes aged  about 300 years 
(Kikvidze et al., 2010).

Diversity and occurrence of AMF in cultivated 
forests

Some ubiquitous AMF species, such as A. 
foveata, A. mellea, A. scrobiculata, G. macrocarpum 
and C. etunicatum (Table 1 and Table 2), could have 
an adaptation function in degraded areas as well as in 
seedling that are transplanted in cultivated forests. Other 
AMF species have been mentioned in literature for 
AMF inoculants. For example, G. viscosum for wet and 
adensed soils (Bonfim et al., 2013). The study involved 
a native forest area (NT, G. macrocarpum for A. mangium 
seedlings (Schiavo et al., 2010), A. scrobiculata (Cavallazzi 
et al., 2007), A. scrobiculata together with other AMFs 
(Machineski et al., 2009). 

Therefore, application of mycorrhizal inoculants 
in forest nursery seedlings can be a strategy to stimulate 
the development and establishment of seedlings in the 
field. Indeed, the inoculation of AMF inoculant in clay pots 
was important for the Acacia mangium after 45 to 220 
days of transplanting to the field (Schiavo et al., 2010). 
Inoculated plants of Acacia auriculiformes also showed 
higher survival, higher shoot biomass and height than non-
inoculated plants (Giri et al., 2004). However, silvicultural 
management has strong effects on mycorrhizal community 
of forest ecosystems (Campos et al., 2011). For example, 
the application of fertilizers during revegetation increased 
the density of AMF spores in the soil (Marinho et al., 2004). 

TABLE 2 Richness of AMF species associated with forestry 
ecological succession in the Brazilian territory, in 
papers that were published in the period of January 
1997 to August 2018.

AMF species Succession
Early Secundary Climax

Acaulospora bireticulata 1 1
Acaulospora capsicula 1 1

Acaulospora colombiana 9 2
Acaulospora delicata 5 3
Acaulospora elegans 2

Acaulospora excavata 3 1
Acaulospora foveata 11 3

Acaulospora gedanensis 2 1
Acaulospora herrerae 1 1 1
Acaulospora koskei 1

Acaulospora lacunosa 2
Acaulospora laevis 1

Acaulospora longula 1 1 2
Acaulospora mellea 9 3

Acaulospora morrowiae 7 1
Acaulospora paulinae 1
Acaulospora polonica 1
Acaulospora rehmii 4
Acaulospora rugosa 1 1

Acaulospora scrobiculata 1 9 4
Acaulospora spinosa 4 3

Acaulospora tuberculata 5 2
Acaulospora walkeri 4 1

Ambispora appendicula 1
Ambispora gerdemannii 1
Ambispora leptoticha 4 1
Archaeospora trappei 6 1
Cetraspora pellucida 4 2

Claroideoglomus claroideum 1 4 1
Claroideoglomus etunicatum 1 6 3

Claroideoglomus luteum 1 1
Corymbiglomus corymbiforme 1 1

Corymbiglomus tortuosum 2 1
Dentiscutata biornata 1

Dentiscutata cerradensis 1
Dentiscutata erythropus 1

Dentiscutata heterogama 2 1
Dentiscutata scutata 1
Diversispora spurca 2

Diversispora trimurales 1
Entrophospora infrequens 4 2
Funneliformis geosporus 4 1
Funneliformis mosseae 1 1

Funneliformis verruculosum 2
Gigaspora decipiens 1 1
Gigaspora gigantea 2 1
Gigaspora margarita 1 3

Gigaspora ramisporophora 1
Glomus albidum 1 1

Glomus ambisporum 2
Glomus australe 2 1

Glomus clavisporum 4 2
Glomus coremioides 2
Glomus diaphanum 2 1
Glomus fuegianum 1

Glomus glomerulatum 3 1
Glomus hoi 1 1

Glomus invermaium 2 1
Glomus lacteum 2 1

Glomus macrocarpum 1 8 4
Glomus magnicaule 1 1

Glomus microaggregatum 4 1
Glomus microcarpum 1 2

Glomus rubiforme 1
Glomus sinuosum 2 1

Intraornatospora intraornata 1
Paraglomus occultum 1 1

Racocetra fulgida 1 1
Racocetra pérsica 1

Racocetra verrucosa 1
Rhizoglomus aggregatum 1

Rhizoglomus clarum 5
Rhizoglomus intraradices 1 1
Scutellospora aurigloba 1
Scutellospora calospora 2

Septoglomus constrictum 1 1
Total Abundance 8 186 80

Sources: Gomes and Trufem (1998); Focchi et al. (2004); Leal et a (2009); 
Moreira et al. (2009); Silva et al. (2016); Souza et al. (2003); Sousa et al. (2014); 
Stürmer and Siqueira (2011); Teixeira et al. (2017); Vieira et al. (2017); Zangaro 
et al. (2013).
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CAMPOS, D. T. S.; SILVA, M. C. S. S.; LUZ, J. M. R.; TELESFORA, 
R. J.; KASUYA, M. C. M. Colonização micorrízica em 
plantios de eucalipto. Árvore, v. 35, p.965-974, 2011.

CAPRONI, A. L.; FRANCO, A. A.; BERBARA, R. L. L.; GRANHA, 
J. R. D. O.; MARINHO, N. F. Fungos Micorrízicos Arbusculares 
em estéril revegetado com Acacia mangium, após mineiração 
de bauxita.  Árvore, v. 29, n. 3, p.373-381, 2005.

CARRENHO, R.; TRUFEM, S. F. B.; BONONI, V. L. R. Arbuscular 
mycorrhizal fungi in Citrus sinensis/ C. limon treated with 
Fosetyl-Al and Metalaxyl. Mycological Research, v. 102, 
n. 6, p.677-682, 1998.

CASAZZA, G.; LUMINI, E.; ERCOLE, E.; DOVANA, F.; 
GUERRINA, M.; ARNULFO, A.; MINUTO, L.; FUSCONI, 
A.; MUCCIARELLI, M. The abundance & diversity of 
arbuscular mycorrhizal fungi are linked to the soil chemistry 
of screes & to slope in the Alpic paleo-endemic Berardia 
subacaulis. PLoS ONE, v. 12, p.1–19, 2017.

CAVALLAZZI, J. R. P.; KLAUBERG FILHO, O.; STÜRMER, 
S. L.; RYGIEWICZ, P. T.; MENDONÇA, M. M. Screening 
and selecting arbuscular mycorrhizal fungi for inoculating 
micropropagated apple rootstocks in acid soils. Plant Cell, 
Tissue and Organ Culture, v. 90, p.117–129, 2007.

ELHINDI, K. M.; EL-DIN, A. S.; ELGORBAN, A. M. The impact 
of arbuscular mycorrhizal fungi in mitigating salt-induced 
adverse effects in sweet basil (Ocimum basilicum L.). Saudi 
Journal of Biological Sciences, v. 24, p.170–179, 2017.

EVELIN, H.; KAPOOR, R.; GIRI B. Arbuscular mycorrhizal fungi 
in alleviation of salt stress: A review. Annals of Botany, v. 
104, p. 1263–1280, 2009.

FERNANDES, R. A.; FERREIRA, D. A.; SAGGIN-JUNIOR, O. 
J.; STÜRMER, S. L.; PAULINO, H. B.; SIQUEIRA, J. O.; 
CARNEIRO, M. A. C. Occurrence and species richness of 
mycorrhizal fungi in soil under different land use. Canadian 
Journal of Soil Science, v. 96, p. 271-280, 2016.

FOCCHI, S. S.; SOGLIO, F. K. D.; CARRENHO, R.; SOUZA, P. V. 
D.; LOVATO, P. E. Fungos micorrizicos arbusculares em cultivos 
de citros sob manejo convencional e orgânico. Pesquisa 
agropecuária brasileira, v. 39, n. 5, p.469-476, 2016.

FREITAS, R. O.; BUSCARDO, E.; NAGY, L.; MACIEL, A. B. S.; 
CARRENHO, R.; LUIZÃO, R. C. C. Arbuscular mycorrhizal 
fungal communities along a pedo-hydrological gradient in a 
Central Amazonian terra firme forest. Mycorrhiza, v. 24, 
p.21-32, 2014.

Therefore, in addition to AMF inoculants, it is important 
that soil chemical amendments should be part of the 
strategies to improve forest establishment.

CONCLUSIONS

The AMF species are not specific plant host but 
are selected by the environmental conditions where the 
host grows, but some are ubiquitous and some are rare 
AMF species in forest ecosystems. Four AMF species: 
Acaulospora scrobiculata, Acaulospora foveata, Acaulospora 
mellea, Clareoideglomus etunicatum and Glomus 
macrocarpum are ubiquitous and adapted to different 
managements. Therefore, these AMF species could have 
potential to be used as AMF inoculant in forest species.
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