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Abstract The Mauritia flexuosa palm tree is widely

distributed in South America, and is associated with

flooded environments. It dominates the arboreal

stratum in the highly threatened marsh ecosystems

called ‘‘veredas’’ in the Cerrado biome (neotropical

savanna), and its oleaginous fruits are important for

the maintenance of the regional fauna and as a source

of income for traditional human populations. The

seeds of this palm demonstrate an unusual association

of recalcitrance and dormancy, and information about

its seed bank maintenance in natural environments is

scarce. We measured the variations in water content,

viability, and germination of seeds maintained over

1 year in four typical vereda microenvironments

(edge, near the water, in the water, and at the lower

zone of the vereda) and related that information to soil

water contents and climatic data. Seed viability was

best preserved under constantly flooded conditions (at

the lower zone of the vereda), with the potential for

maintaining a temporary seed bank in the aquatic

environment that would favor dispersal. Although the

seeds are intolerant of dehydration, they have a high

capacity for maintaining their water contents under

partially drained soil conditions, and overcoming

dormancy is favored under those conditions. Mauritia

flexuosa establishment strategies are driven by sophis-

ticated interactions with climate and with vereda

microenvironments, with a tendency for maintaining

seed banks and seedling banks in localities with

flooded or drained soils, respectively.

Keywords Dormancy � Embryo � Flooded
environments � Germination � Palms � Recalcitrance �
Viability

Introduction

Mauritia flexuosa L.f. (Arecaceae) (‘‘buriti’’) is a

widely distributed palm tree in South America

(Dransfield et al. 2008; Horn et al. 2012; Endress

et al. 2013). The species produces large quantities of

oleaginous fruits important for the maintenance of the

regional fauna (Cymerys et al. 2005; Lorenzi et al.

2010) and that are used as food by traditional human

populations (Holm et al. 2008; Manzi and Coomes

2009). Buriti palm trees show great economic poten-

tial for use as a food source and for manufacturing

cosmetics and medicines (Bernal et al. 2011; Martins

et al. 2012; Koolen et al. 2013). Certain aspects of M.

flexuosa seed biology related to the rapid loss of their

viability and low germinability, however, have limited

seedling production for commercial purposes as well
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as the conservation of natural populations (Spera et al.

2001; Orozco-Segovia et al. 2003).

Recent works have demonstrated an association of

recalcitrance and dormancy inM. flexuosa seeds (Silva

et al. 2014; Veloso et al. 2016). This condition is rare,

and there are still open questions about the behaviors

of seeds showing those characteristics in the natural

environment (Tweddle et al. 2003). Recalcitrance is

related to desiccation intolerance, resulting in a low

capacity for the maintenance of seed viability and the

formation of soil seed banks (Hong and Ellis 1996;

Berjak and Pammenter 2008, 2013). Dormancy is

characterized by intrinsic germination restrictions

caused by impediments related to the dispersal unit

that must be overcome in order to complete germina-

tion—which usually requires a relatively long time

interval (Finch-Savage and Leubner-Metzger 2006;

Bewley et al. 2013). The apparent opposition of those

conditions makes their study interesting from the point

of view of our knowledge of plants’ reproductive

strategies as well as their interactions with their

habitats.

Despite the ecological and economic importance of

M. flexuosa, little is currently known about the ecology

of its populations, including recruitment and seedling

establishment rates in the natural environment (Horn

et al. 2012; Virapongse et al. 2017). M. flexuosa

dominates the arboreal stratum of the vereda ecosys-

tem in the Cerrado (neotropical savanna) biome

(Dransfield et al. 2008; Lorenzi et al. 2010; Silva

et al. 2014) in soils that usually show high water-

saturation levels and abundant partially decomposed

organic matter (Cymerys et al. 2005; Endress et al.

2013). Studies involving the behavior of those seeds in

their natural environment will contribute to a better

understanding of the establishment strategies of M.

flexuosa and the perpetuation of its populations—

favoring actions directed toward its in situ

conservation.

Interactions between the anatomic and physiolog-

ical characteristics of seeds and edaphoclimatic con-

ditions determine seed bank dynamics (Bewley et al.

2013; Baskin and Baskin 2014; Dalling et al. 2011)—

but are strongly modulated by microenvironments

(Long et al. 2014; Lopez-Toledo et al. 2013). Prelim-

inary laboratory studies have suggested that microen-

vironmental conditions are particularly important for

seed bank formation by M. flexuosa, as those seeds,

unlike the general pattern of recalcitrant behavior,

have the potential to remain viable if stored with their

water contents preserved (Silva et al. 2014; Veloso

et al. 2016). However, as the water regimes of veredas

have been highly affected by local anthropogenic

impacts, and quite possibly by global climate change,

studies on the dynamics of the seed banks of this key

species may provide support for estimating the

resilience of that ecosystem.

In order to test the hypothesis that the peculiarities

ofM. flexuosa seeds contribute to its adaptation to the

natural environment, we evaluated the physiological

aspects of seeds maintained for 1 year in four typical

vereda microenvironments, to address the following

questions: (i) what are the effects of seasonal

microenvironmental and climatic conditions on seed

viability? (ii) can seed banks or seedling banks be

maintained in different microenvironments? We also

sought to investigate the importance of the association

of recalcitrance and dormancy to the reproduction of

that species.

Materials and methods

Study area, seed bank establishment, and sample

collections

The study area was a vereda marsh located in the

Pandeiros River Environmental Protection Area

(APA—Pandeiros), in the municipality of Bonito de

Minas, in northern Minas Gerais State, Brazil

(4485502100W, 1581301900S). Approximately 9000

fruits of M. flexuosa were collected on the ground

after natural abscission from more than 100 adult

plants in December 2014. The integrity of the

mesocarp and a yellowish abscission scar were

considered indicative of recent abscission.

The fruits were manually de-pulped and the seeds

selected, with discard of those with lesions indicative

of predation by insects or necrosis; 7280 seeds were

used in the experiments. The isolated seeds were

placed (at 10 cm depth in the soil in polyethylene

containers (15 9 22 9 12 cm) without their lids and

with holes drilled in all of their sides) in three typical

vereda microenvironments: (1) edge (the contact

between the arboreal vegetation and the herbaceous

vegetation zones) (ED); (2) near the water course

(about 1 m from a small stream) (NW); (3) lower zone

(an area with a predominant presence of M. flexuosa,
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with moist soil rich in organic matter) (LZ) (Araújo

et al. 2002) (Fig. 1). Twenty seeds were placed in each

container which were filled with soil from each

microenvironment. The containers were distributed

and buried, in each microenvironment, in four differ-

ent places, 2 m apart. The seeds were also held in four

permeable (raffia-like) plastic bags in the water course

itself (at a water depth of 10 cm) (IW). Seed samples

were analyzed at 0 days (initial condition) (December,

2014) and after 45, 90, 180, and 365 days. The seeds

were kept submerged in water (which was changed

daily) during transport and in the laboratory until

examined.

Environmental assessments

At the time of establishment of each experimental seed

bank, 2 kg soil samples (formed by combining four

subsamples of 500 g) were collected at 0–20 cm

depths in each of the three microenvironments for

physicochemical analyses, following the methodology

of Donagema et al. (2011); these were used to

characterize the microenvironments (Table 1). The

water contents of the soils of the three microenviron-

ments were determined by collecting 50 g soil sam-

ples at 10 cm depths in the places where the fruits were

buried, based on the ratio between the dry mass (after

drying at 105 �C, for 24 h) and the initial fresh mass;

these evaluations were carried out (with four repli-

cates) at the beginning of the experiment (0 days) and

after 90, 180, and 365 days (Donagema et al. 2011).

Daily rainfall data were obtained from the nearest

climatology station of the National Meteorological

Institute (Brasil 2016), located in the municipality of

Januária, approximately 70 km from the study area;

the sites have the same geomorphological (Sanfran-

sciscana depression) and climatic (type Aw, Köppen)

conditions.

Water contents of the seeds and embryos

The water content of the seeds was determined in the

initial condition (before the establishment of the seed

bank) and after 45, 90,180, and 365 days. At each

time, from each microenvironment, four replicates of

10 seeds were obtained. Each replicate was repre-

sented by a container containing 20 seeds. In the case

of seeds kept submerged, the replicates were obtained

from four different bags kept inside the water. In each

replicate, the germinated or predated seeds were

discarded, and five seeds were randomly taken for

the evaluations. The predation was identified by

occurrence of typical perforations in the seeds caused

by insects that had consumed the embryo.

For each treatment (combination between microen-

vironment and collection time), the water contents

(fresh mass basis) of four replicates of five non-

germinated seeds were determined from the dry mass

(after drying at 105 �C for 24 h) to fresh mass ratio

(Brasil 2009). These same evaluations were also

performed with isolated embryos obtained by section-

ing the seeds (using a machete). Evaluations were not

performed at 365 days, as all of the seeds in all of the

microenvironments showed predation by that time.

Embryo viability and germination

Embryo viability was evaluated using the tetrazolium

test on four replicates of 10 embryos per microenvi-

ronment at 0, 45, 90, 180, and 365 days. Samples were

obtained as previously described. The embryos were

immersed in 1% triphenyl tetrazolium chloride, incu-

bated in the dark at 30 �C for five hours, and then

visually analyzed for staining (Spera et al. 2001; Brasil

2009). Evaluations were not performed at 365 days, as

all of the seeds in all of the microenvironments showed

predation by that time.

At each time (45, 90, 180, and 365 days), 200 seeds

were removed from each microenvironment and

germination was evaluated in the field, considering

seeds as germinated if they showed protrusion of the

cotyledonary petiole or developed seedlings (Ribeiro

Fig. 1 Cross-sectional profile of a vereda, representing Mau-

ritia flexuosa individuals and the herbaceous stratum, and

indicating the locations where seeds were maintained for

365 days. Lz lower zone, Ed edge, Iw in the water, Nw near

the water
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et al. 2015). Seeds were considered dead (by predation

and/or microbial deterioration) if the embryo was

absent or showed lesions or necrosis.

Statistical analyses

Evaluations of soil water contents considered a 3

(microenvironments) 9 4 (collection times) factorial

scheme. Evaluations of the water contents of the seeds

and embryos and embryo viability considered a 4

(microenvironments) 9 3 (collection times) factorial

scheme; the initial condition (0 days) was considered

an additional treatment. Data were submitted to the

Kolmogorov–Smirnov normal distribution test, the

Levene variance homogeneity test, and analysis of

variance. The averages were compared by the Tukey

test, at a 5% level of probability. Linear regression

analysis was performed between the water contents of

the embryos and viability. The analyses were per-

formed using the software SAS System for Windows

V8 (SAS Institute, Cary, USA).

Results

Environmental assessments

All of the soil samples had high percentages of sand

(edge[ near water[ lower zone) and higher pH

levels than commonly observed in Cerrado environ-

ments (the pH in Cerrado soils is usually below 5)

(Ribeiro et al. 1999), associated with the absence of Al

(Table 1). The levels of essential minerals (P, K, Ca,

and Mg) and organic matter followed the order: near

water[ lower zone[ edge.

The experiment was initiated in December, during

the rainy season, and variations in soil water contents

were observed throughout the year in the different

microenvironments (F = 272.35; P\ 0.0001)

Table 1 Chemical and

physical characteristics of

the soils in three vereda

microenvironments where

Mauritia flexuosa seeds

were kept for 365 days

Soil characteristic Microenvironment

Edge Near the

water

Lower zone

pH 6.1 6.3 6.0

P (mg dm-3) 1.1 5.1 0.3

K (mg dm-3) 55.0 90.0 60.0

Ca (cmolc dm-3) 1.3 13.0 9.1

Mg (cmolc dm-3) 0.7 2.1 1.6

Al (cmolc dm-3) 0.0 0.0 0.0

Organic matter (dag kg-1) 6.0 13.3 9.1

Sand (dag kg-1) 94.0 90.0 88.0

Silt (dag kg-1) 2.0 4.0 4.0

Clay (dag kg-1) 4.0 6.0 8.0

Fig. 2 Variations of the soil water contents of three vereda

microenvironments along the year (a) and monthly rainfall in

the municipality of Januária, Minas Gerais State, Brazil in 2015,

with historical records (b). The same letters indicate the absence

of significant differences using the Tukey test, at a 5% level of

probability. Upper case letters represent the effects of time

within each microenvironment; lower case letters reflect the

effects of the microenvironments within each time. Vertical bars

indicate the standard errors of the means
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(Fig. 2a, b). The water content of the soil at the vereda

edge (which was always less humid than the other

microenvironments) showed a gradual drying up to

180 days, then increasing up to 365 days (associated

with rainfall variations). Soil moisture near the water

became reduced up to 90 days and elevated up to

180 days (even with the reduction in rainfall), indi-

cating that this characteristic is influenced by the

dynamics of the watercourse, which can experience

small impoundments due to the accumulation of plant

material. The soil at the lower zone of the vereda

showed higher moisture in relation to the other

microenvironments at times up to 90 days, and

maintained saturation levels above 60% in all evalu-

ations (despite reductions throughout the year). Com-

parisons of the rainfall data for the study year (total

precipitation: 631 mm) with historical records (mean:

909 mm) indicated that 2015 was relatively dry, but

nonetheless maintained the typical seasonal pattern of

the Cerrado biome—with rainfall being concentrated

in the summer.

Seed and embryo water contents

The water contents of all of the seeds remained close

to 50% in all of the microenvironments during the

evaluation period, and did not decrease in relation to

their initial conditions (Fig. 3a). The water contents of

the seeds held in the water and near the water

increased at 180 days in relation to their initial

condition (F = 4.38; P\ 0.0001). At 180 days, the

water contents of the seeds kept at the edge were lower

in relation to seeds kept in the water.

The water contents of the embryos were higher than

75% at all evaluation times (Fig. 3b). At 45 and

180 days, the water contents of embryos from seeds

kept submerged in water were higher than the initial

condition (0 days) (F = 5.26; P\ 0.0001). At

45 days, the water contents of the embryos of seeds

kept in the water were higher than those kept close to

the water or at the lower zone of the vereda. At

90 days, the embryos of seeds kept at the water’s edge

had lower water contents in relation to the other

microenvironments. There were no variations in the

water contents of embryos from seeds kept at the lower

zone of the vereda over time. At 180 days, the water

contents of the embryos of seeds kept submerged in

water and those kept near the water were similar to

each other, and higher than those of the other

treatments.

Embryo viability and germination

Embryo viability among seeds kept in the water was

lower than the initial condition at 45 days, and showed

important reductions during subsequent periods, and

was lower than all of the other treatments after 90 days

(F = 272.35; P\ 0.0001) (Fig. 4). Viability reduc-

tions, in relation to the initial condition, were also

observed among the embryos of seeds kept near the

water, after 90 days. Embryo viability was preserved

during the entire evaluation period at the lower zone of

the vereda. The same occurred at the border of the

vereda for up to 90 days; evaluations for longer

periods of time than 180 days were not possible in that

microenvironment, as all of the embryos had germi-

nated or had suffered predation (the seeds showed

Fig. 3 Water contents of Mauritia flexuosa seeds (a), and

embryos (b), held in four vereda microenvironments for

180 days. The same letters indicate the absence of significant

differences using the Tukey test, at a 5% level of probability.

Upper case letters represent the effects of time within each

microenvironment; lower case letters reflect the effects of the

microenvironments within each time. Asterisks indicate signif-

icant differences in relation to the initial condition. The vertical

bars indicate the standard errors of the means
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typical perforations caused by insects). Regression

analysis showed that the water content of the embryos

was not directly related to viability.

Germination started at 45 days at the vereda edge

and reached higher percentage at 180 days (when 43%

of the evaluated seeds had germinated) (Fig. 5). All

seeds that germinated showed live seedlings with

developing roots and leaves. Seeds maintained sub-

merged in the water did not germinate. The germina-

tion of seeds kept near the water or submerged in it

reached only 3 and 1%, respectively, by the end of the

evaluation period.

Discussion

Plant species adapted to humid environments com-

monly produce seeds that show recalcitrant germina-

tion and are intolerant of dehydration—with rapid

germination—therefore tending to form seedling

banks instead of seed banks (Tweddle et al. 2003;

Long et al. 2014). Our results showed thatM. flexuosa

has an establishment strategy that varies according to

each particular vereda microenvironment, with a

tendency to form seedling banks at the vereda edge

(where the soil is drier) while maintaining seed banks

in the lower zone (where soils remain humid through-

out the year)

Seed viability in different microenvironments

Although veredas can extend over large areas, they are

usually associated with flowing water and are com-

monly elongated, which creates marked heterogeneity

in their transversal profiles. The main differences

between the vereda microenvironments considered in

the present study were related to water availability.

Soil water-retention capacities, whose ordering was

lower zone[ near the water[ edge, were directly

related to their clay contents and inversely related to

their sand contents and their positions in the landscape

profile (with the lower section of the vereda being at

the lowest elevation), as previously described in other

publications within that ecosystem (Sousa et al. 2011;

Ramos et al. 2006). in addition, edges are subject to

less shading and are more exposed to wind, which

results in greater surface drying.

Initial seed viability was maintained in the soils of

all of the different microenvironments for 45 days,

and in the soil at the lower zone of the vereda for up to

180 days. Viability became reduced in the environ-

ment near the water over time, however, with only

40% of the seeds remaining viable after 180 days.

Despite low soil moisture levels at the edge of the

water course (less than 20% during the period without

precipitation—June–September), the water contents

of the seeds and embryos held there did not become

reduced in relation to their initial conditions. Veloso

et al. (2016) demonstrated, under laboratory condi-

tions, that the embryos of M. flexuosa showed a

tendency for slow dehydration (although they were

intolerant of dehydration), which was associated with

the presence of cells with mucilage-rich vacuoles that

Fig. 4 Percentages of viable Mauritia flexuosa embryos

obtained from seeds kept in four vereda microenvironments

for 180 days, as evaluated using the tetrazolium test. The same

letters indicate the absence of significant differences using the

Tukey test, at a 5% level of probability. Upper case letters

represent the effects of time within each microenvironment;

lower case letters reflect the effects of the microenvironments

within each time. Asterisks indicate significant differences in

relation to the initial condition. Vertical bars indicate the

standard errors of the means

Fig. 5 Percentages of the nonaccumulated germination of

Mauritia flexuosa seeds kept in four vereda microenvironments

for 365 days
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favored water retention. However, some studies have

shown that although the maintenance of high water

contents is essential for preserving the viability of

recalcitrant seeds, loss of viability usually occurs due

to factors such as the consumption of reserves,

oxidative stress, and microbial deterioration (Berjak

and Pammenter 2008, 2013; Dalling et al. 2011). Thus,

although the water content of the embryos has been

maintained in all evaluated microenvironments, it is

probable that the other factors that control viability are

more favorable for the maintenance of M. flexuosa

seed banks in the lower zone of the vereda.

The chemical characteristics of a soil, as well as the

quantities and the constitutions of its organic matter,

commonly influence the maintenance of seed viability

(Long et al. 2014; Galeano et al. 2015), although it was

not possible to establish a direct relationship between

those factors in the present study. pH levels, which

may influence seed persistence (Long et al. 2009;

Pakeman et al. 2012), did not show extreme values or

large variations among the soils of the different

microenvironments evaluated. The soils nearest the

water had higher organic matter contents and P, Ca,

and Mg concentrations than the other soils, but it was

not clear if those conditions contributed to the lower

viability observed in that microenvironment as com-

pared to the lower portion of the vereda.

The increases in predation and/or seed deterioration

rates after 180 days, coincided with the driest period

of the year (June–September), and represented the

main factor affecting seed persistence in the soil, as all

non-germinated seeds were observed to be damaged at

365 days. A study by Johansson (2009) highlighted

the vulnerability ofM. flexuosa seeds exposed to drier

soils—a condition that may have been particularly

relevant during the present study year, as it was drier

than the historical average.

Due to the association of populations ofM. flexuosa

with marsh environments, commonly crossed by

streams, seed dispersal by water should be important

for that species (Johansson 2009; Silva et al. 2014).

Our results showed reduced viability with seed

immersion time, and they did not germinate under

those conditions. It is possible that the low oxygen

availability imposed by immersion, and/or interac-

tions with the aquatic biota, may have compromised

germination. It is important to note, however, that the

fruits and seeds of that species float, and will not

remain fully immersed under natural conditions. Due

to the difficulties encountered in maintaining large

numbers of seeds on the surface of the water for long

periods of time, however, we opted for examining

seeds that had been fully immersed—which may have

led to overestimations of viability losses. However, 54

and 10% of the immersed seeds were still viable after

45 and 180 days respectively, which points to the

importance of dispersal by water for M. flexuosa.

The potential for maintaining seed and seedling

banks

Although uncommon, associations of recalcitrance

and dormancy may occur in the seeds of some species

(Tweddle et al. 2003). While recalcitrance is consid-

ered a specialization factor in humid and stable envi-

ronments, dormancy favors adaptation to

unstable environments with seasonal climates (Baskin

and Baskin 2014). It is interesting that veredas show

associations of stable and unstable microenvironments

in relation to soil moisture. While the soils at the lower

end of the vereda remained constantly humid, the soils

in the other microenvironments showed large fluctu-

ations in their moisture levels during the year.

The recalcitrance ofM. flexuosa seeds, which limits

the occurrence of that species to humid environments,

is modulated by the water-retention capacity of the

seed, which allows the prolonged maintenance of

viability under dry soil conditions until dormancy is

overcome. Germination, on the other hand, is modu-

lated by dormancy, and is restricted in humid, shady

soil environments (where the densities of adult

individuals are higher and seed bank maintenance is

more feasible) and favored at the vereda edge (where

competition with adult individuals is lower and the

maintenance of seed banks is less viable over time).

The ecological importance of the association of

recalcitrance and dormancy in M. flexuosa seeds has

been proposed in previous studies (Silva et al. 2014;

Veloso et al. 2016), but without the evidence presented

here.

The temporal variation of soil conditions in marshy

environments is considered to be an important mod-

ulator of the dynamics of seed banks, and may favor

the germination of certain species (Noe 2002). The

overcoming of seed dormancy in M. flexuosa at the

vereda edge (where soil water content is lower and

more variable) is in agreement with the proposal that

slight water stress conditions can stimulate recalcitrant
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seed germination (Eggers et al. 2007). in addition,

oxygen availability, which is higher in drained soils, is

considered important for palm seed germination (Pech

y Aké et al. 2004; Ribeiro et al. 2012) and a

determinant factor for the germination of M. flexuosa

(Fernandes 2001). Interestingly, Resende et al. (2012)

observed the proliferation of seedlings and young

individuals of M. flexuosa in the edge environment

after the passage of fire. We observed that seeds at the

vereda edge germinated more rapidly and with greater

percentage, and that all of the seedlings produced

survived during the evaluation period. It is important

to emphasize that long-term seed bank maintenance is

unfeasible under those conditions due to the tendency

for superficial drying of the soil and seed intolerance

of desiccation. The maintenance of seedling banks

may therefore be more feasible, since it would be

possible for those plantlets to access to the subsurface

water table after root development in that microenvi-

ronment. On the other hand, the interactions with the

regional biota (an evaluation that was not an objective

of the present work) may represent an important factor

for the maintenance of seed banks of M. flexuosa, as

observed by Johansson (2009) in the Amazon region.

We observed that all of the ungerminated seeds at

365 days showed embryos that had suffered predation

or deterioration. As insect and microorganism com-

munities would be expected to vary among microen-

vironments, and seeds are very sensitive to predation/

deterioration, the importance of site conditions on the

successful maintenance of M. flexuosa seed banks is

reinforced.

Studies carried out with palm trees Borassus

aethiopum (Barot et al. 1999) Chamaedorea radicalis

(Berry et al. 2007) and Brahea aculeata (Lopez-

Toledo et al. 2013) revealed that palm species can

interact with environmental heterogeneity or site

factors, such as hebivory, in a complex way, which

affects the pattern of spatial distribution of populations

and the demography. In this context, the maintenance

of both seed and seedlings banks of M. flexuosa in

different microenvironments of the veredas seems to

be a bet hedging strategy which favors the occupation

and the resilience of the populations in a heterogenous

environment. This possibility can be confirmed in the

future, from results of studies on the ecophysiology of

the seedlings (currently conducted by our research

group) and broader studies to be performed with the

ecology of populations of this species.

Conclusion

The unique strategy for the establishment of M.

flexuosa seedlings (with recalcitrant seeds showing

dormancy) is associated with the heterogeneity of the

vereda environment. Seed viability maintenance is

favored in soils that remain constantly moist, with the

potential to form temporary seed banks, including in

aquatic environments. Rapidly overcoming dormancy

is associated with conditions observed at vereda edges

(related to low soil moisture)—where seedling bank

maintenance prevails.
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Ribeiro LM, Oliveira DMT, Garcia QS (2012) Structural eval-

uations of zygotic embryos and seedlings of the macaw

palm (Acrocomia aculeata, Arecaceae). Trees 26:851–863

Ribeiro LM, Garcia QS, Müller M, Munné-Bosch S (2015)
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