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ABSTRACT
Babassu, Attalea speciosa (Arecaceae) is a ruderal palm native to Amazonia, which turned dominant in frequently burned 
lands throughout the ‘arc of deforestation’ and other degraded lands, in extreme cases attaining complete dominance. This 
study investigated arbuscular mycorrhizal fungi (AMF) as one possible explanation for the outstanding ecological success 
of this exceptional palm. We explored the relationships between the babassu palm and native arbuscular mycorrhizal fungi 
and babassu effects on the AMF richness and mycorrhizal inoculum potential (MIP) in the eastern periphery of Amazonia. 
For this purpose, we sampled topsoil (0-20 cm) at the onset of the rainy season from a 5-year-old secondary forest regrowth 
(SEC) area with three levels of babassu dominance (sites with 10, 50 and 70% babassu biomass shares), and at three distances 
(0, 2.5 and 4 m) from isolated babassu patches within a degraded pasture (PAS), both with five replications per treatment. 
Glomerospore density varied from 100 to 302 per gram of soil, 56% higher in SEC than PAS. We identified a total of 16 
AMF species, with dominance of Acaulospora (six species) followed by Glomus (three species). AMF richness increased with 
babassu dominance in SEC sites, and reduced with distance from babassu patches within the PAS. The colonization rate of 
babassu roots was higher in SEC than in PAS, whereas MIP was similar in both areas and without treatment differences. Our 
study points to strong mycorrhizal association of the babassu palm as a potential mechanism for its outstanding ecological 
success in degraded lands. 
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Fungos micorrízicos arbusculares associados com a palmeira babaçu 
(Attalea speciosa) na periferia leste da Amazônia, Brasil
RESUMO
Babaçu, Attalea speciosa (Arecaceae) é uma palmeira ruderal nativa da Amazônia, dominante em terras frequentemente queimadas 
ao longo do “arco de desmatamento” e outras áreas degradadas, em casos extremos atingindo domínio completo. Este estudo 
investigou os fungos micorrízicos arbusculares (FMA) como possível explicação do sucesso ecológico desta palmeira. Nós 
exploramos as relações entre o babaçu e glomerosporos, efeitos do babaçu na riqueza destes fungos e o potencial do inóculo 
micorrízico (PIM) na periferia oriental da Amazônia. Amostras de solo (0-20 cm) foram coletadas no início da estação chuvosa 
em uma área de floresta secundária (SEC) de cinco anos de idade e três níveis de dominância do babaçu (10, 50 e 70% de 
biomassa de babaçu) e a três distâncias (0; 2,5 e 4 m) de ‘ilhas’ de babaçu isoladas em uma pastagem degradada (PAS), ambas 
com cinco repetições por tratamento. A densidade de esporos de FMA variou de 100 a 302 por grama de solo, sendo 56% 
maior em SEC do que em PAS. Dezesseis espécies de FMA foram identificadas, com predominância de Acaulospora (seis 
espécies) seguidos do gênero Glomus (três espécies). A riqueza destes fungos aumentou com o domínio da palmeira em SEC e 
reduziu com a distância das ‘ilhas’ de babaçu em PAS. A taxa de colonização das raízes de babaçu foi superior nas áreas de SEC 
enquanto o PIM não apresentou diferenças entre os tratamentos. Nosso estudo aponta a uma forte associação micorrhízica 
da palmeira babaçu, um possível mecanismo central no seu sucesso ecológico em áreas degradadas.

PALAVRAS-CHAVE: Glomeromycota, riqueza de espécies, trópico úmido, áreas degradadas
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INTRODUCTION
The babassu palm, Attalea speciosa Mart (Arecaceae) occurs on 
an estimated 17 million hectares throughout Amazonian Brazil, 
Bolivia and the Guianas (Teixeira and Carvalho 2007). The 
genetic diversity of babassu is highest in a region called ‘Cocais’, 
in the northern Brazilian states of Piauí and Maranhão (Santo-
Filho et al. 2013). Though occurring in low densities in mature 
rainforests, this ruderal palm has turned dominant with human 
exploration, especially throughout the eastern and southern 
peripheries of Amazonia known as the ‘arc of deforestation’, but 
increasingly also in the northern periphery and in patches in 
central Amazonia (Teixeira and Carvalho 2007).

A key adaptive trait of babassu is its excellent adaptation to 
frequent burns and to shifting cultivation cycles. The dormancy 
of babassu nuts is interrupted by burning, vegetative resprouting 
of juvenile palms is vigorous, and the apical meristem is 0.5–1 m 
belowground (Sousa et al. 2016), but to date nothing is known 
on possible relationships between babassu and soil organisms, 
notably arbuscular mycorrhizal fungi (AMF).

AMF are abundant and ubiquitous organisms in all 
environments and can form mutualistic associations with an 
estimated 74% of all plant species of the planet (Smith and 
Read 2008; van der Heijden et al. 2015). The principal role 
of AMF consists in supplying immobile nutrients and water 
to the host plants in exchange for photosynthates, though 
they also can help protect the host plant from other abiotic 
and from biotic stress (Smith and Read 2008).

Mycorrhizal symbiosis can specially benefit palms as these 
typically have lignified roots with few root hairs (Bouamri et al. 
2014), thus aiding in accessing low-availability soil nutrients 
and soil water. Despite their key ecological importance, there 
are few records of the occurrence of AMF species in Amazonia 
(Peña-Venega et al. 2007; Nobre et al. 2010; Stürmer and 
Siqueira 2011). Nothing to date is known on the possible 
association between the ruderal babassu palm and AMF.

We hypothesized that babassu palms establish an 
association with AMF, affecting glomerospore abundance 
and mycorrhizal infection potential, shaping AMF species 
composition in their surroundings, and that this association 
is a key factor for the ecological success of babassu in degraded 
lands. We explored the relationship between babassu and AMF 
by assessing glomerospore density and species composition, 
babassu root infection, and AMF inoculum potential in 
two environments in the eastern periphery of Amazonia: a 
secondary forest fallow regrowth with differing degrees of 
babassu dominance, and a pasture with differing distances 
from isolated babassu palm patches.

MATERIAL AND METHODS
Study area
The study was carried out in the surroundings of Mato 
Grosso community (2º41’S, 44º16’W), on São Luís Island 
(a continental island), in Maranhão state, Brazil (Figure 1). 
The climate of the region is classified according to Köppen as 
sub-humid equatorial Aw, with annual precipitation of about 
2000 mm concentrated in a seven-month rainy season. The 
soil type was classified as yellow latosol (Latossolo Amarelo) 
according to Embrapa (2006).

Sampling
We collected 0-20 cm topsoil samples as composite samples 
of four subsamples per sampling point at the onset of the 
rainy season (January 2008) in an area of secondary forest 
fallow regrowth (SEC), and an area of spontaneous (non-
planted) pasture (PAS) with isolated babassu palm patches. 
All sites were level (< 2º inclination) and sampling avoided 
boarder zones.

In the 5-year-old secondary forest area (SEC) we selected 
three sites with spontaneous fallow vegetation after slash and 
burn shifting cultivation. The sites had (as far as known) 
the same preceding land-use history and similar soil texture 
(sandy loam), but differed in the dominance of babassu palms 
(approximately 10%, 50% and 70% biomass shares of total 
aboveground biomass). In each of the three secondary forest 
sites (approximately 2.5 hectares each) we randomly sampled 
five points (as composite samples of four cores each).

The pasture site (PAS) was degraded due to annual 
fires, and had been without grazing for the last five months 
preceding sampling. The pasture was a homogenous mixture of 
spontaneously occurring grasses and herbs (i.e., not a planted 
pasture), and contained isolated patches of babassu, composed 
by an adult palm surrounded by young (stemless) palms. We 
selected five such babassu patches separated from one another 
by distances > 100 m, and sampled soil at 0 m (i.e., within the 
patch), 2.5 m and 4 m distance from the patch, as composite 

Figure 1. Map of Brazil highlighting the legal Amazon region (in gray), Maranhão 
state, and the location of Mato Grosso community on São Luís Island, where the 
study sites were located.
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samples of the four orthogonal directions from each adult 
palm (the patch center).

Composite soil samples (one per treatment) were analyzed 
in the soil chemistry laboratory of Maranhão State University, 
following routines (pH and carbon, phosphorus, potassium, 
calcium, magnesium, sodium, aluminum, potential acidity 
(H+Al) availability) described in Embrapa (1997) (Table 1).

Glomerospore analysis
Glomerospores were extracted from 100g of homogenized and 
air-dried soil by wet sieving followed by sucrose centrifugation 
(Gerdemann and Nicolson 1963; Jenkins 1964) and quantified 
(number of glomerospores per 100 g of soil = glomerospore 
abundance) using a stereomicroscope (40×).We subsequently 
dispersed glomerospores on microscope slides with PVLG 
(polyvinyl alcohol and lactoglycerol) and PVLG + Melzer’s 
reagent (1:1, v/v). We identified species following the manual 
of Schenck and Perez (1990), as well as by consulting the 
international culture collection of arbuscular mycorrhizal 
fungi database (INVAM) (http://invam.caf.wvu.edu) and the 
on-line AMF collection of the Department of Plant Pathology, 
University of Agriculture in Szczecin, Poland (http://www.agro.
ar.szczecin.pl/∼jblaszkowski/). We adopted the classification 
proposed by Oehl et al. (2011), including taxa described by 
Goto et al. (2012) and Błaszkowski and Chwat (2013).

Colonization rate
From each soil sample we separated 100 fine (≤ 2 mm) 
babassu root segments. The characteristic red color allowed for 
unambiguous selection of roots from the babassu palm, but 
for the same reason it was necessary to perform a bleaching 
process with alkaline solution of hydrogen peroxide (H2O2) 
for 20 minutes. We subsequently stained the samples with 
trypan blue (Koske and Gemma 1989) and visually estimated 
the percentage of mycorrhizal colonization of babassu fine 
roots via the grid intersect method following procedures by 
Giovanetti and Mosse (1980).

Mycorrhizal inoculum potential (MIP)
Mycorrhizal inoculum potential refers to the ability of AMF 
structures in the soil (glomerospores, as well as fragments 
of hyphae and of colonized roots) to form a mycorrhizal 
association with plant species (Rubin and Stürmer 2015). This 
method gives a relative estimate of the ability of mycorrhizal 
fungi to infect new plant symbionts (Wolfe et al. 2007) though 
it does not indicate which propagules were responsible for 
this colonization. 

We estimated MIP in each soil sample using sorghum 
(Sorghum bicolor L) as trap plant in 500 mL vases, and 
following recommendations of Brundret (1991). After 40 
days we completely harvested shoots of the trap plants and 
determined shoot and root dry biomass and foliar phosphorus-
content following standard procedures described in Tedesco 
et al. (1995). We estimated the sorghum root mycorrhizal 
colonization rate according to Koske and Gemma (1989) and 
Giovanetti and Mosse (1980).

Statistical analysis 
We checked our data for normality visually with histograms 
and using Kolmogorov-Smirnov and Lilliefor’s tests, and for 
homogeneity of variance using the Cochran and Bartlett tests. 
We separately compared the impacts of babassu dominance 
in secondary forests and of distances from babassu patches 
within the degraded pasture via ANOVA and post-hoc Tukey 
test for glomerospore abundance and babassu colonization 
rate. We performed a principal components analysis (PCA), 
using R package vegan, for pattern recognition and the 
evaluation of associations between variables (soil parameters, 
glomerospore abundance and babassu root colonization rate), 
and the influence of the treatments (SEC and PAS) on these 
relationships. We used nonmetric multidimensional scaling 
(NMDS) based on Euclidean distances for MIP (sorghum shoot 
dry mass, sorghum root dry mass, colonization rate of sorghum 
roots and foliar P-content) to analyze the behavior pattern of 
the variables. The analysis was carried out with the R package 
factoextra. We generated graphics with ggplot2 (Wickham 
2009; Oksanen et al. 2013; Kasambara and Mundt 2017).

RESULTS
Glomerospore abundance and babassu root 
colonization
Glomerospore abundance ranged from 100 to 302 per 100 
grams of soil and was approximately twice as high in SEC 
sites as in PAS sites (Table 2). Both babassu dominance in 
SEC and distance from babassu patches in PAS significantly 
affected glomerospore abundance. In SEC, glomerospore 
abundance was maximum at 50% babassu dominance. In 
PAS glomerospore abundance declined with distance from 
the babassu patches.

Table 1. Chemical characterization of 0-20 cm topsoil sampled in two 
environments in the eastern Brazilian Amazon: secondary forest sites differing in 
babassu dominance and in a degraded pasture at different distances from isolated 
babassu palm patches (one composite sample for each treatment).

pH P1 K1 Ca2 Mg2 Na1 Al H+Al C3

CaCl2 mgdm-3 -------mmolcdm-3------ g kg-1

Babassu dominance (%)
10 5.1 4.0 0.4 20 8.0 0.8 0 34 20.1
50 4.7 4.0 0.6 10 11.0 1.0 0 21 18.1
70 4.4 2.8 0.5 19 9.0 1.0 0 33 16.5
Distance from babassu (m)
0 4.4 12 0.5 7.0 6.0 0.8 2.0 40 14.6
2.5 4.2 13 0.4 7.0 5.0 0.8 1.0 36 12.6
4 4.7 11 0.3 5.0 4.0 0.5 2.0 36 12.1

1 Mehlich 1, 21 M KCl, 3Walkey & Black digestion
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The colonization rate of babassu roots ranged from 34.2% 
to 49.6%, being higher in SEC than in PAS (Table 2). Both 
glomerospore abundance and babassu root colonization rate 
were maximum at 50% babassu dominance in SEC, and 
decreased with distance to the babassu patches in PAS.

AMF species richness
We recorded the occurrence of a total of 16 AMF species, 
distributed in seven genera (Table 3). The genus Acaulospora 
was the most species rich (6), followed by Glomus (3) and 
seven other genera with one species each. Nine AMF species 
occurred exclusively in SEC sites, whereas four occurred 
only in PAS. The highest number of AMF species (nine) was 
recorded in SEC sites with 10% babassu dominance. The 
number of AMF species ranged between three and four at 
SEC sites with higher babassu dominance, and at all distances 
from babassu patches in PAS.

Mycorrhizal inoculum potential 
Mean shoot dry biomass of sorghum trap plants ranged from 
0.18 g to 0.47 g, and was, on average, 57% lower in SEC 
than in PAS (Table 4). In PAS, sorghum shoot biomass was 

Table 2. Glomerospore abundance and babassu root colonization rate in two 
environments in the eastern Brazilian Amazon: secondary forest (SEC) sites with 
differing degrees of babassu dominance, and degraded pasture sites (PAS) at 
differing distances from babassu patches. Values are means ± SE; letters refer to 
statistically significant groupings within SEC and within PAS (according to the Tukey 
HSD post hoc test) and statistical difference between SEC and PAS (according to 
a t-test). See Material and Methods for treatment definitions.

Glomerospores per 100 g soil Babassu root colonization rate (%)

Babassu dominance (%)

10 221 ± 13 b 45.2 ± 2.71 b

50 302 ± 20 a 49.6 ± 2.54 a

70 219 ± 36 b 43.5 ± 3.15 b

Distance from babassu (m) 

0 170 ± 18 a 43.9 ± 2.87 a

2.5 148±9 ab 43.0±4.69 a

4 100±12 b 34.2±2.22 b

Overall values per environment

SEC 247 ± 4 a 46.08 ± 0.46 a

PAS 139 ± 3 b 40.36 ± 0.59 b

Table 3. Occurrence of arbuscular mycorrhizal fungi (AMF) species in two environments in the eastern Brazilian Amazon: secondary forest (SEC) sites with differing 
degrees of babassu dominance, and degraded pasture (PAS) at differing distances from babassu patches. See Material and Methods for treatment definitions.

AMF species
Babassu dominance (%) Distance from babassu (m) Life - history 

strategy110 50 70 0 2.5 4
Acaulosporaceae
Acaulospora denticulata Sieverd. & S. Toro - - - X X X *
Acaulospora excavata Ingleby & C. Walker - - X - - - *
Acaulospora foveata Trappe & Janos - - - - - X *
Acaulospora morrowie Spain & N.C. Schenck X - - - - - *
Acaulospora rehmii Sieverd. & S. Toro X - - - - - *
Acaulospora scrobiculata Trappe X - X - - - *
Entrophosporaceae
Entrophospora infrequens (I.R. Hall) R.N. Ames & R.W. Schneid. - - - X - - *
Glomeraceae
Funneliformis halonatum (S.L. Rose & Trappe) Oehl, G.A. Silva & Sieverd. X - - - - - r
Glomus sp1 Tul. & Tul. X X - - X X r
Glomus sp2 Tul. & Tul. X X - - - - r
Glomus sp3 Tul. & Tul. - X - - - - r
Sclerocystis sinuosa Gerd. & B.K. Bakshi - - X X - - *
Dentiscutataceae
Fuscutata heterograma Oehl, F.A. de Souza, L.C. Maia & Sieverd. - - - - X X K
Racocetraceae
Cetraspora pellucida (T.H. Nicolson & N.C. Schenck) Oehl, F.A. de Souza 
& Sieverd.

X - - - - - K

Scutellosporaceae
Orbispora pernambucana (Oehl, D.K. Silva, N. Freitas, L.C. Maia) Oehl, 
G.A.Silva & D.K. Silva

X X - - X - K

Scutellospora calospora (T.H. Nicolson & Gerd.) C. Walker & F.E. Sanders X - - - - - K
N species per treatment 9 4 3 3 4 4
N species per environment 12 7

1Life-history strategy types: r – species that produce many small-sized glomerospores; K – species that produce few large-sized glomerospores; *life-history strategy 
not known 
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significantly higher from topsoil samples taken at 0 m and 
2.5 m, than at 4 m from the babassu patch centers, suggesting 
elevated soil fertility within the babassu patches. The sorghum 
root mycorrhizal colonization rate (ranging from 43.8% to 
50.7%), and foliar P-content (ranging from 0.318 to 1.198 
g kg-1) did not vary significantly with babassu dominance in 
SEC, nor with distance from babassu patches in PAS.

The principal components analysis (PCA) depicted a clear 
separation between SEC and PAS sites, as well as systematic 
differences along babassu influence gradients (both the 

dominance gradient of babassu in SEC and the distance gradient 
from babassu patches in PAS) (Figure 2). PCA explained 79.6% 
of the total data variance (59.1% in the first axis and 20.5% in 
the second axis), being mostly influenced by soil pH, soil acidity 
and P-availability. In SEC, samples in 10% and 50% babassu 
dominance areas were related to glomerospore abundance, 
babassu root colonization rate, and K and Mg availability, 
whereas samples in 70% dominance area were highly related 
with pH levels. In PAS, the samples closer to babassu (0 and 
2.5 m) were related with phosphorus-contents.

NMDS ordination scores of MIP parameters tended 
to separate samples from SEC and PAS (Figure 3). Within 
SEC the samples from the 10% babassu dominance site 
tended to group separately from those from 50% and 70% 
dominance sites. The samples from PAS tended to form a 
more homogeneous group, independently of distance from 
babassu patches.

DISCUSSION
Total glomerospore abundances found in this study were lower 
than those reported for mycorrhizal associations of Desmoncus 
orthacanthos Mart. in Mexico (400 to 3200 glomerospores per 
100 g of soil) (Ramos-Zapata et al. 2006), and in a coconut 
plantation in Kerala, India (214 to 299 glomerospores 
per 50g of soil) (Rajeshkumar et al. 2015), higher than in 
a peach-palm (Bactris gasipaes Kunth) rhizosphere in the 
Amazon (27 to 48 glomerospores in 50 g of soil) (Silva Júnior 

Table 4. Mycorrhizal infection potential (MIP) with sorghum as trap plant in 
soil from two environments in the eastern Brazilian Amazon: secondary forest 
fallow regrowth sites with different babassu dominance, and pasture at different 
distances from babassu patches. Values are the mean ± SE of shoot dry biomass 
(SDB), percentage of mycorrhizal colonization (% col) and foliar P-content (in g kg-1). 
See Material and Methods for treatment definitions.. Letters indicate significant 
distance-related differences in SDB within the pasture according to ANOVA and 
Tukey HSD. All other comparisons were non-significant

SDB (g) % col P (g kg-1)
Babassu dominance (%)
10 0.182 ± 0.015 50.52 ± 1.569 1.198 ± 0.001
50 0.256 ± 0.004 46.91 ± 1.115 0.442 ± 0.000
70 0.214 ± 0.016 50.73 ± 0.797 0.691 ± 0.001
Distance from babassu (m)
0 0.446 ± 0.006 a 43.77 ± 0.786 0.652 ± 0.000
2.5 0.392 ± 0.020 ab 48.06 ± 0.428 0.318 ± 0.001 
4 0.308 ± 0.009 b 43.99 ± 1.076 0.956 ± 0.002

Figure 2. Principal component analysis (PCA) for seven chemical soil variables and two mycorrhizal parameters in soil samples from secondary forest regrowth sites 
with different degrees of babassu palm dominance (SEC 10%, SEC 50%, SEC 70%) and from degraded pasture sites at different distances from isolated babassu patches 
(PAS 0 m, PAS 2.5 m, PAS 4 m). Spore abundance = glomerospores abundance per 100 g soil; Root colonization = babassu root mycorrhizal infection rate.
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and Cardoso 2006), and similar to those found in an alley 
cropping system located 20 km from our study site (148 to 
335 glomerospores in 100 g of soil) (Nobre et al. 2010). Our 
values for mycorrhizal colonization rates of babassu roots and 
MIP were in line with values reported for a peach-palm culture 
in the Amazon (13.54 - 43.95%) (Silva Júnior and Cardoso 
2006) and coconut plantations in India (32.33 – 55.17%) 
(Rajeshkumar et al. 2015). Our MIP values were also similar 
to those reported by Nobre et al. (2010) in a legume alley-
cropping system (51to 54%). Similar values for inoculum 
potential were also found in areas of secondary vegetation 
in the Atlantic Forest (49% to 58%) (Zangaro et al. 2012).

We found a similar number of species than Nobre et al. 
(2010) in a legume alley cropping system located at 20 km 
from our study, yet there were only five species in common 
between both studies, resulting in 27 AMF species listed for 
the state of Maranhão. Other studies in the Amazon region 
listed 18 AMF species in mature rainforests, secondary 
regrowth and pastures in the Colombian Amazon (Peña-
Venegas et al. 2007), and 61 species in mature rainforests, 
differently-aged secondary regrowth, agroforestry systems, 
crops and pastures in the western Brazilian Amazon (Stürmer 
and Siqueira 2011).

Glomus and Acaulospora are the most common and 
species-rich AMF genera, both in natural and in human-
transformed environments, being able to adapt to a wide 
range of environmental conditions (Jefwa et al. 2012; Pereira 

et al. 2014). Contrary to most studies, we found Acaulospora 
rather than Glomus as the predominant genus, in accordance 
with Leal et al. (2009) for the western Amazon. Acaulospora 
species are known to be specially successful in very acidic 
soils (Teixeira-Rios et al., 2013, Pereira et al., 2014), as is the 
case in our study sites. The predominant Acaulospora species 
in our study (A. scrobiculata in SEC, and A. foveata in PAS) 
have been recorded in Atlantic rainforest fragments (Trufem 
et al. 1994; Silva et al. 2006). Acaulospora denticulata, which 
was very common in PAS, was recorded in tropical pastures 
and forests (Bever et al. 1996; Uhulmann et al. 2004).

Glomerospore production and AMF root colonization are 
affected by soil characteristics and management type (Pereira et 
al. 2014), soil acidity (Hazard et al.2013), salt stress (Bencherif 
et al. 2015), water stress (Cartmill et al. 2008), pesticide use 
(Tu 1992), and heavy metals (Tahat and Sijam 2012). Our 
results indicate that  vegetation type, babassu dominance 
and distance from babassu patches can affect glomerospore 
production. The reduction of glomerospore density with 
distance from babassu patches was in accordance with (Nobre 
et al. 2010), who observed a decrease in glomerospores with 
increasing distance from trees in an alley-cropping system, 

Arbuscular mycorrhiza fungi are believed to be host 
generalists (Válvy et al. 2016), which may explain the 
remarcable similarity of AMF species composition in our 
study site. A notable exception was Scleroystis sinuosa, which 
occurred exclusively in SEC at highest babassu dominance, 

Figure 3. Nonmetric multidimensional scaling of MIP parameters (sorghum shoot dry biomass, foliar phosphorus-content and root colonization rate) in secondary forest 
sites with differing babassu dominance (SEC10%, SEC50% and SEC70%) and in a pasture at differing distances (PAS 0 m, PAS 2.5 m, PAS 4 m) from isolated babassu patches.
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and in PAS within the babassu patches, suggesting that this 
species may indeed be a babassu-host specialist. This species is 
thus recommended for future more systematic bioprospection 
studies. On the other hand, host plants are believed to 
influence other associated microbiota in their surroundings 
to their own benefit via specific root exudates (Haichar et al. 
2014; van Nuland et al. 2016). 

Host plants differ widely in their degree of mycorrhizal 
association (both regarding root colonization and carbon 
investment) (Afek et al. 1990; Angelini et al. 2012). Plant 
species with thick roots and few root hairs likely will benefit 
most from mycorrhizal associations (van der Heijden et 
al. 2015). Palms typically have relatively thick and partly 
lignified ‘fine roots’ (van der Heijden 2003; van der Heijden 
et al. 2015), which explains the strong association of babassu 
with AMF we found in both the  SEC and PAS sites. The 
higher biomass of sorghum grown in soils from within the 
PAS babassu patches also indicates that babassu impacts its 
surroundings. Positive plant-soil feedbacks (sensu van der 
Putten et al. 2013 and Revillini et al. 2016) could enable 
the babassu palm to create a particularly advantageous 
environment for itself. Above-average biomass shares of 
babassu fine and mid-sized (up to 5 mm diameter) roots 
throughout 1-meter soil profiles were recorded less than 10 
km from our study sites (Sousa et al. 2016), further supporting 
the idea that the heavy below-ground investment of babassu 
is a key element in the outstanding ecological success of this 
ruderal palm throughout degraded Amazonian lands.

CONCLUSIONS
This was the first study to evaluate the relationship of babassu 
with arbuscular mycorrhizal fungi. Whereas babassu effects 
on AMF species composition were weak, glomerospore 
density and root colonization were strongly affected by 
babassu presence and abundance, pointing to a high level of 
mycorrhizal association. Above-average belowground babassu 
investment both in AMF and in its root system could be at 
the heart of the outstanding ecological success of this ruderal 
palm and should be considered for an ecoefficient babassu 
palm management in degraded Amazonian agroecosystems. 
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