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Abstract

Endophytic and rhizospheric microorganisms form complex communities that play pivotal role in plant growth and
development, and contribute to the resilience of the host plarBufia archerj a palm species endemic to the Cerrado
savanna, is resistant &zidic soils and high concentrations of iron and aluminum, we decided to test the hypothesis that the
endophyte and rhizosphere communities associated with this plant comprise microbiota rich in functional traits. To test this
hypothesis, we isolated ttmultivable radicular (endophytic) and rhizospheric microbiota of this palm and evaluated the
capacity of the isolates to solubilize calcium (CaHP&nd iron (FeP@ phosphates, synthesize indole acetic acid (IAA),
and suppress the developmentAspergilus niger the principal fungus known to deteriorate the seeds of this species. In
total, 115 symbiotic bacterial and 17 fungal lineages were isolated, together with 4@egesding fungi, primarilyA.
niger. The seedleteriorating fungi presented a highversity index 4= 1.82) than the other groups analyzed. Moreover,
we confirmed the hypothesis that the microbiota associatedBwvidircheri has functional traits that contribute to plant
growth. The BA81RB isolate of the bacteriiacillus cereusolubilized570.4 mg L' CaHPQ and 750.2 mg ! FePQ.
Furthermore, two isolates also solubilized remarkable amounts of Cali® the BA367EF and BA99RF lineages of
Stagonosporopsis cucurbitacearuamd Bionectria ochroleucasolubilizing 798.90and 49320 mg L! phosphorous,
respectively. Additionally, we confirmed the presence of isolates that synthesized high concentrations of IAA, such as the
BA147RB lineage oEnterobactersp., which synthesized 97¢@ mL'?, and others with potential for suppressianA.
niger (BA68EB of Bacillus amyloliquefacienand BA89RB ofB. cereuy The present study provides novel insights into the
symbiotic microorganisms associated wgharcherj and reveals potentially important perspectives for the application of
thesesolates as promoters of plant growth, in particular for crops cultivated on the soils of the Cerrado biome.
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Introduction microorganisms that live in the rhizosphere form a
complex community involving numerous connections
Endophytic and rhizospheric  microorganismswith the plant. Rhizosphere is the region where
promote growth of the plants with which they areinteractions between plant and microorganisms occur
associated, considering the provision of various function¢Dantas et al, 2011). This close interaocth may
that result in adaptive gains for the host species. Thguarantee resilience of the plant in situations of
functional traits of endophytic microbes include thephysiological stress, such as a lack of water or excess of
provision of nutrients, via fixation of nitrogen and salts and heavy metals (e.g. Shenal, 2008; Liet al,
solubilization of phosphates (Pwi al, 2018; Richarcet  2011; Faret al, 2018; Kharet al, 2019).
al., 2018;Shabanamatt al, 2018; Sahoo & Gupta, 2018; The soils of the Cerrado domain are naturally acidic,
Jeonget al, 2018); synthesis of phytohormones such asand contain high concentrations of aluminum, iron, and
auxins, cytokinins, and gibberellins (S#ti al, 2009; Ali  manganese, which at low pH, become highly soluble,
et al, 2017); production of siderophores (Loaesal, have toxic effects on plants, and fix phosphorus in the soil
2011; Vermeet al, 2011; Rungiret al, 2012; Dolatabad by forming insoluble phosphoric cqraunds (Rodrigues
et al, 2017); synthesis of the enzyme A@Esaminase et al, 2016). Phosphorus is poorly mobile in the soil,
(e.g. Cedefi@sarcia et al, 2018; Kruasuwan & where itis precipitated in the form of orthophosphate or is

Thamchaipenet, 2018; Tavares al, 2018; Winet al, absorbed by calcium, iron, or aluminum cations, to form
2018); and antibiosis of phytopathogens (e.g. [\al, insoluble compounds, such AP0, FePQ, Ca(POy).,
2018; Nigriset al, 2018; Vurukondat al, 2018). which remarkably reducehe availability of this nutrient

Endophytic microorganisms are deeply connected tdo plants. To overcome these issues, various plants
the internal tissue of plants, where they provokeassociate with phosphaselubilizing microorganisms
physiohormonal alterations, including the regulation of(Khanet al, 2014), which produce organicids, such as
internal hormones (e.g. Shahzeidal, 2016; Bilalet al, oxalic acid, citric acid, and gluconic id¢c as well as
2018). For example, bacteria producing IAA may affectphosphatase acids, that are capable of mineralizing
root elongation, development of radicular hairs, andphosphorus and increasing its availability to plants
radicular exudate, considering that thpdytohormone (Sharmeet al, 2011; Mendest al, 2014).
triggers changes in the permeability of the plasma The dwarf jelly palm, Butia archeri Glassman,
membrane (Golubevet al, 2011). Sinilarly, the known as coqueirinhdo-campo ou buti4 in Brédlz is a
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shorttrunked palm endemic to the Cerrado savanna, andnses with autoclaved distilled veat To test the
is highly adapted to the soils of this bionie.archeriis  efficiency of disinfestation, 500 pL of water of the final
found only in the Brazilian states of Goias, Minas Geraisrinse was extracted and inoculated in the nutrient broth (3
and S&o Paulo, and the Federal District (Lehal, 2003; g meat extract; 5 g peptone) at 28°C, for 24 h.
Soares, 2015)While B. archeri has been classified as The disinfested fragments were cut into pieces of
extinct in the red list of endangered species of S&o Paulmpproximately 1 cm lerig and were then placed in Petri
(Mamedeet al, 2007), the species is locally abundant indishes containing Potato Dextrose Agar (PDA; 200 g
the Brazilian Midwest. While this palm has recently potato, 20 g dextrose, and 5 g agar). The endophytic
gained immense interest from landscape gardelfe.g. microorganisms were isolated by the 10th day of culture.
Hazir & Buyukozturk, 2013)it grows slowly and its The relative frequency of colonization was evaluated,
seeds are difficult to germinatigorenzi et al, 2010), based orthe number of fragments containing at least one
which hampers the production of seedlings. endophytic strain, divided by the total number of isolates.
One of the principal difficulties for thgermination The rhizospheric microorganisms were randomly
of B. archeri seeds is the high incidence of seed selected for isolation, with 10 g of the root fragments
deteriorating fungi, which grow on the fruit, and reducebeing agitated in sterilized peptone watesntaining
the viability of the seeds, considering that the fleshyTween 80 (0.1%) for 30 min at 70 rpm, at ambient
mesocarp of this palm fruit attracts mold. Numeroustemperature. The supernatant was then diluted in a series
studies have reported that several endophytic organisnof saline solutions, and 50 pL aliquots were seeded in
have an antibiotic effect on seddterioratingfungi, and GELP medium (SylvestdBradleyet al, 1982) using the
thus, reduce the incidence of disease and increase segour plate technique. The & were then incubated at
viability (e.g. Mahmood & Kataoka, 2018; Vermd al, = ambient temperature. Phosphate solubilization of CaHPO
2018). Da Silva et al, (2018) recently found that was determined based on the appearance of a transparent
rhizospheric isolates of the genBacillus obtained from halo, considered to be a positive signal (Barroso &
a congener oB. archeri Butia purpurascensefficiently  Oliveira, 2001; Souchieet al, 2007), after 4 days.
inhibit the seedleteriorating fungi Neodeightonia Colonies tha solubilized CaHP® were isolated for
phoenicumand Penicillium purpurogenunisolated from  purification and storage.
the seeds, in addition to numerous endophytic bacteria, The seeeleteriorating fungi were isolated from.
with an enhaced capacity for synthesizing IAA. AB.  archeri seeds, which were wrapped in Germitegaper
archeri is a wild species, endemic to the Cerrado, weor germination in a Mangelsdorf germinator, adjusted to
determined the genetic and functional diversity of its30°C for 30 days. Once the mycelia developed, small
endophytic radicular and rhizospheric microbiota. Wefragments of the fungi growing around the seeds were
verified whether these communities contained orgamismremoved using an inoculation loop. These fragments were
with functional traits, including the solubilization of cultivated in PDA medium, andhé frequency of
calcium (CaHP®@® and iron (FePg phosphates, colonization was recorded for each isolate. The most
synthesis of IAA, and suppression of the seedcommon isolate was considered to be the principal
deteriorating fungi that affect these species. deteriorator of thé®. archeriseeds.

Material and Methods Identification of microorganisms: The genomic DNA of
bacteria was extracted using the approaclCbéng &

Collection of the plant material: Samples were jjang (2006). The Enterobacterial Repetitive Intergenic

obtained from @. archerispecimen aged approximately consensus (ERKBCR) molecular marker, with

;O year.s,.cpllected from an area of Cerradosfg stricto. oligonucleotides ERIEL and ERIG2 (Bose & Sarma,

in the vicinity of the town of Rio Verde, Goias, Brazil 1975) was used to differentiate the purified strains, and

(h? 7 U|3 5010.5 1I0h Slh 53 U596 13 mQ0\3it by afbabt'orle Urilpfosefeddentii®i a8 - S - ! -
This palm was apparently healthy, and was extracte istinct lineages. Species were identified based on a

from the soil using a hoe, by keeping the block of _ . :
! ; o partial sequence of the 16S rDNA gene, using the
rhizospheric soil intact to protect theot system. The oligonucleotides 27F and 1492R (Weisbetgl, 1991).

material was placed immediately in a cooler and The funai were arouned in lineages based on their
transferred to the Agricultural Microbiology Laboratory ng grouped ag
morphological characteristi¢ including the color of the

at the Rio Verde campus of the Goias Federal Institute, X , ) .
where it was processed. mycelium, their texture, and the extension of mycelial and

microculture growth. The genomic DNA was extracted

Isolation of microorganisms: The endophytic frOm a representative of each morphotype using a
microorgaiisms were isolated by fragmentation; herein,Miniprep extraction kit (Axygen Biosciences, USA),

the sample roots were first being rinsed under runnindollowing the ma uf act urerds recommer
water to remove the excess of attached soil, and theRterretrotransposon amplified polymorphism (IRAP

agitated in water and neutral detergent at 70 rpm for 18CR) molecular marker with the oligonucleotides CL

min, in order to reduce the number of epifty IRAP1 and CL IRAP4 (Santost al, 2012), was used to
microorganisms. Thereafter, the tissue surface wadifferentiate the lineages through their banding patterns.
disinfested by successive rinsing, immersion in 70%Speciesvere identified based on a partial sequence of the
ethanol for 1 min, sodium chloride (2.5% active chlorine)ITS (Internal Transcribed Spacer) rDNA region, using the

for 5 min, and 70% ethanol for 30 s, followed by threeoligonucleotides ITS 4 and ITS 5 (Whig¢al, 1990).
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The amplification products of the 16S and ITS werephosphate sources (CaHP&hd FePG) separately. These
purified (Dunn & Blattner, 1987) and seenced by the cultures were incubated under constant agia90 rpm)
Sanger method, using a Big Dye kit in an ABI3100at 30°C, for 72 h. Following growth, the pH was
automatic sequencer (Applied Biosystems) in the UNESPneasured and the quantity of inorganic phosphorus was
Centralized multiuser Larg8cale DNA Sequencing and determined by the vitamin C colorimetric method, as
Gene Expression Analysis Laboratory in Jaboticabal, Sagientioned by Gadagi & Sa (2002). The solubilization was
Paulo, Brazil. The sequenceene compared with those determined via comparison with mtthshgd standard
available in GenBank (http:/Awww.ncbi.nim.nih.gov) CUrve, and values were presented as mipLPi.
using BLASTN (Altschulet al, 199), considering a

minimum homology of 97%. Production of IAA: The production of IAA was

guantified based on the approach of Gordon & Weber

Diversity and phylogenetic relationships of the isolates: ~ (1951). For this, S@L of the bacterial culture, with the
The phylogenetic inference was carried out separately fdPDeoo adjusted to 0.1, or-im diameter mycelial discs
the bacterial and fungal isolates, as well as the-seedfom each sample were inoculated in nutrient broth,
deteriorating fungal isolates. The inferences were based giPplemented with 100eg mL'* of tryptophan.
the alignment of the 16S and ITS sequences with the typEhereafter, the cultures were incubated for 72 h at 30°C,
sequences extracted frofetRibosomal Database Project, Under constant agitation (90 rpm), in an orbital agitator,
run in CLUSTAL OMEGA (Sieverst al, 2011). and 1 mL of thesupernatant of each culture was
The evolutionary model of the sequences wadransferred to a test tube, followed by addition of 2 mL of
selected based on the Bayesian Information CriteriofSalkowski reagent. The tubes were kept in the dark for 20
(BIC) obtained in JMODELTEST 2 (Darribat al,  min, prior to the spectrophotometric reading (530 nm).
2012). The TPM3uf+l+G model was lseted for the The synthesis of IAA was determined by the staddar
bacteria and the K80+G model for the fungi (bothcurve, with values given in pg.mtof IAA.
symbiotic and seedeteriorating). Moreover, the
phylogenetic trees were produced by BayesiarBiocontrol of the principal seed-deteriorating fungus:
inference in Mr. Bayes v.3.2.6 (Ronquist al., 2012). The antagonistic activity of the endophytic and
Four independent runs were employed focledree, rhizospheric bacteria toward the most common
with chains of 10 x 106 generations, and the phytopathogen found in theéB. archeri seeds, was
posteriori probabilities being evaluated every 500 eyaluated. Tie double culture (Mew & Rosales, 1986) tests
generations. The first 2500 trees were discarded pridfere run in PDA medium. Initially, the bacterial isolates
to the calculation of the consensus tree, to gugrante\ﬁere selected using arbm disc of the phytopathogen
the convergence of the chains. The miggnies .y celium, which was placed at the center of the Petri dish,
recuperated by this approach were subsequently testegly, ¢ r gifferent bacteria being pled equidistant around
It\)/IyEt(gi bgot(séLarﬁaTeeTO;’ letg l%())OOFfr%l]'g?rﬂg?es ’ r;Jhne'nit. The control was a dish with only the fungus in its center.
) AT : . The dishes were incubated at ambient temperature for 8
phylogenetic trees were visualized and edited "Nd The formation of a halo between the lineages under
FigTree v 1.4.2 (Rambaut, 2014)Chrysiogemrs ays. | . L > Iheag
arsenatis was the outgroup for the bacterial tree,anaIyS|s was considered to indicate antibiosis, anq t_he
whereasCryptosphaeriasp. was the outgroup for the sebc.ted llln_eages were then transferrgq to the quantitative
endophytic/ rhizospheric fungi, andSpirosphaera (€St in triplicate, under the same conditions.
beverwijkianafor the seeebleteriorating fungi. The diameter of the mycelium was measured to
The ShanndiWiener index K9 was used to determine the percentage growth of the fungus in the
determinethe diversity of the endophytic, rhizospheric, andPresence of the bacterium, calculated by the reativ
deteriorator isolates, as reported by Kumar & Hyde (2004)inhibition (RI) index:

Functional traits RI (%) = ( RRCC L 100
Quantification of the solubilization of CaHPO4 and

FePOs. The endophytic and rhizospheric bacteriaRC = Radiusof the phytopathogercolony in the control
(previously selected in the qualitative test for thetreatment

solubilization ofCaHPQ) were inoculated into liquid GL

medium (10 g glucose, 2 g yeast extract), under constaRRX = Radiusof the phytopathogemrolony exposedo the
agitation, in an orbital Shaker (Nova Técnica NT2) endophytic/rhizospherisolate

agitator at 90 rpm, for 24 h, at 30°C. The optical density =~ )

(ODsog) Of the samples was standardized with 0.85%tatistical analysis

saline solution at 0.1. Thereafter, the fungal samples were )
grownin PDA medium for 4 days, at 30. Al tests were All testswere completelyrandomizedand conducted
run in triplicate. in triplicate. The datawere evaluatedusingan analysisof

The solubilization test comprised inoculation of 1 mL variance,and the mean values recordedfor functional

of each standardized bacterial culture em® mycelial traits analyzedin the presentstudy were comparedusing
discs in liguid GL medium with 1.26 g'Llof each theScoti Knotttest(5%).
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Acinetobacter with the other clade being made up
exclusivelyof theisolatesof genusBacillus (Fig. 2).
All fungi isolatel in the presentstudy were members

isolates: All (100%) root fragments were colonized by of the phylum Ascomycota,distributed in three classes.
endophytic microorganisms, resulting in the isolation ofThe classSordariomycetesasthe mostcommon(70.59%

89 bacteria and 15 fungin total, 26 bacteria andwo
fungi capable of solubilizing CaHPGvere isoléed from
therhizosphere.

The 115 endophytic and rhizospheric bacterial
lineages isolaed here (Table S1) representedseven
generawith 13 taxabelongingto the phyla Proteobacteria,
classed)ando (90.43%of the isolates) Firmicutes class
Bacilli (8.70%), and Actinobacteria classActinobacteria
(0.87%). In the Proteobacteriathe genus Enterobacter
contributed67% of the isolates, most of which (85%)
were obtainedfrom the endophyticenvironmentwhereas
the other 15% were isolated from the rhizospheric
environment Rhizobium which correspondedo 24% of
the isolates, was representedby two species found
exclusively in the endophytic environment as was
Acinetobacterwhich correspondedo 3% of the isolates.
Two generawere found exclusivelyin the rhizospheric
environment that is, Kosakoniaand Klebsiella with 4%
and2% isolatesyespectivelyFig. 1A).

In case of Firmicutes and Actinobacteria, only
Bacillus amyloliquefacienswas isolaed in both the
environmentsanalyzed althoughit was more frequentin
the rhizosphericisolates with 27% of the total isolates
(Fig. 1B). All other Bacillus specieswere obsened only
in the rhizosphericenvironment The most prominentof
these specieswas Bacillus cereus the most common
bacteriumin this environment(37%). Streptacidiphilus
luteoalbuswasthe only actinobaatriumisolatedfrom the
endophyticenvironmeni9% of isolates).

of the isolates),followed by Euromycetes(2353%) and
Dothimycetes (5.88%). In total, seven genera were
recorded, including Fusarium (47.06% of the isolates),
Talaromyces Penicillium and Phomopsis each with
11.76%o0f the total, and Stagonosporopsislypocrea and
Bionectrig eachwith 5.88%.None of the speciesoccurred
in boththerhizospheriandendophyticenvironments

The analysisof the endophyticandrhizospheridungal
isolatesrevealedthe existenceof three clades(Table S2,
Fig. 3). The mostdivergentcladewas formed exclusively
by Penicillium whereaghe mostamplecladeencompassed
Fusarium Talaromyces Stagonosporopsis Phomopsis
andHypocrea which sharesimilaritieswith Bionectria

In total, 40 taxa of seeddeterioratingfungi were
recordedhere (Table S3), most of which belongto the
class Euromycetes(82.50% of the total), followed by
Sordariomyceteg12.5%) and Dothimycetes(5%). Five
generawere recorded,in particular Aspergillus(67.50%
of the isolates), followed by Talaromyces (15%),
Fusarium (7.5%), Gibberella (5%), and Neodeightonia
(5%) (Fig. 4).

The phylogeneticinference revealedthree distinct
clades,althoughthe arrangementf the specieswas not
well defined.Talaromycesuber formedoneclade,which
wascompletelydistinctfrom the othertwo, including that
of Talaromycesamestolkiae Moreover, the Aspergillus
speciesverealsoallocatedto two differentclades.

The diversity indices (ShannbwienerH § recorded
for the cultivdble microbial populations oB. archeri

were 0.95 and 1.64 for the endophytic and rhizospheric
bacteria, respectively. In fungal isolates, the indices were
1.52, 0.69, and 1.82 for the endophytic, rhizospheric, and
seeddeteriorating fungi, respectively.

The phylogeneticinferencerevealedthe existenceof
three monophyleic clades, two of which were more
similar, containing bacteria of the genus Rhizobium
togetherwith Enterobacter Klebsiellg Kosakonia and

Proteobacteria A) Firmicutes and Actinobacteria B)

Klebsiella R
Kesakonia oryzae
aeragenes 4%

2% | e —

Enterabacter spJ Rhizobium tropici N - . \
10% \ Bacillus pumilus
/‘ 21% ox

- \ Rhizobium
] - \ pusense

. “'.rs / Bacillus
f N i Bacilfus megaterium \ \ /.‘ amyloliquefaciens
I - 1 9% 27%

Acinetobacter
Enterobacter sp. sp.
7% 3% 37%
. Py

Bacillus cereus

S o~

Rhizospheric/
Firmicutes

Rhizospheric || Endophytic - Endophytic/

Actinobacteria

Fig. 1. Distribution (percentage)of the endophytic and rhizosphericbacterial isolaes (phyla: ProteobacteriafFirmicutes and
Actinobacterid recordedn Butia archeri, a palm(Arecaceaegncmicto the Cerradobiome
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Table S1. Molecular identification based on 16S region sequencing of isolates of the endophytic radicular and rhizospheric
bacteria of B. archeri, a palm (Arecaceae) endemic to the Cerrado biome.
Isolate Enwronment/ Identification Filo, Class, Order, Family GenBank
Quantity access
BA71EB BA227EB
BA72EB BA230EB
BA76EB BA234EB
BAS1AEB BA235EB
BAB4EB BA241EB
BA185EB BA246EB E(22) Rhizobium tropici
BA186EB BA257EB
BA195EB BA259EB
BA198EB BA346EB
BA209EB BA368EB
BA220EB BA372EB
BA212EB N Proteobacteria, Alphaproteobacteria
BA215EB BA253EB E@) Rhizobium pusense Rhizobiales, Ighizpc))biaceae
BAS7EB BA219EB
BA62EB BA222EB
BAG63EB BA223EB
BAG65EB BA224EB
BA67EB  BA225EB
BAG69EB BA228EB
BA73EB BA232EB
BA74EB BA233EB
BA75EB  BA240EB
BA76BEB BA243EB
BA77EB  BA248EB
BA78EB BA250EB
BA78BEB BA252EB
BASBOEB BA254EB
BA8B2EB BA255EB
BA83EB BA256EB
BAB5EB BA258EB
BA9BEB BA279EB E(59) / R(11) Enterobactersp.
BA116EB BA283EB
BA182EBB BA286EB
A183EB BA288EB
BA184EB BA290EB
BA189EB BA295EB
BA190EB BA298EB
BA191EB BA96RB
BA192EB BAI103RB
BA197EB BA105RB
BA199EB BA109RB
BA200EB BA110RB
BA201EB BAl116RB
BA202EB BAl117RB
BA203EB BA120RB
BA206EB BA121RB
BA207EB BA123RB
BA216EB BA147RB
BA73RB R(2) Klebsiella aerogenes Proteobacteria; Gammaproteobacteri
BASORB Enterobacterales; Enterobacteriacea
BA106RB BA115RB R(4) Kosakonia oryzae Proteobacteria; Gammaproteobacteri
BA112RB BA118RB Enterobacterales; Enterobacteriacea
BA229EB . Proteobacteria, Gammaproteobacteri
BA239EB BA247EB E@) Acinetobactesp. Pseudomonadales, Mgraxellaceae
BAGSEB BA98BRB
BA84RB BA122RB
BA78RB BA8SRB

ProteobacteriaAlphaproteobacteria,

Rhizobiales, Rhizobiaceae KP687380

KF297587

ProteobacterigGammaproteobacteria,

Enterobacterales, Enterobacteriacea KF420155

MG546216

LT799040

GQ478266

E(1) / R(3) Bacillusamyloliquefacien: Firmicutes, Bacilli, Bacillales, Bacillacei KF418240

BASIRB BASIRB R(4) Bacillus cereus Firmicutes, Bacilli, Bacillales, Bacillacei HQ694315
BA98RB R(1) Bacillus megaterium Firmicutes, Bacilli, BacillalesBacillaceac MG774438
BA77RB R(1) Bacillus pumilus Firmicutes, Bacilli, Bacillales, Bacillacei KX242456

Streptacidiphilus Actinobacteria, Actinobacteria,
BA1SSEB E(L) luteoalbus Streptomycetales, Streptomycetacea AY530190

E = Endophytic; R ®Rhizospheric
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0.03
Fig. 2. Phylogeneticrelationshipsand classificationof the isolatesof the endophyticradicular and rhizosphericbacteriaof Butia
archeri, a palm (Arecaceaekncemic to the Cerradobiome. The valuesin black arethe a posteriori probabilitiesof the nodesand
thosein bluearethebootstrapvalues.E = endophytic;R = rhizospheric{ ) the quantty of isolatesrecordedn eachenvironment
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Fig. 3. Phylogenetiaelationshipsaandclassificationof theisolatesof the endophyticradicularandrhizospheridungi of Butia archeri,
apalm(Arecaceaegndmicto the Cerradaobiome.Thevaluesin blackarethe a posterioriprobabilitiesof the nodesandthose in blue
arethebootstrapvalues E = endophyticR = rhizospheric{ ) thequantty of isolatesrecordedn eachenvironment.
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8 Talaromyces ruber LC171870
9 D(3)

100 /1 Fusarium verticillioides KX196811
1 3)

Aspergillus sp. KF367554
D(3)

100 55

Aspergillus nomius KY397991
D(2)

85 || Neodeightonia pheenicum EU673340
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93 | Aspergillus flavus EF409504
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—— Spirosphaera beverwijkiana H()696657
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Fig. 4. Phylogenetiaelationshipsandclassificationof theisolatesof the seeddeterioratingungi of Butia archeri, a palm(Arecaceae)
encemicto the Cerradobiome. The valuesin black arethe a posteriori probabilitiesof the nodesandthosein blue arethe bootstrap
values.D = seeddeterioratingungi; () thequantty of isolatesrecordedn eachenvironment.

Table S2. Molecular identification based on ITS region sequencing of isolates of the endophytic radicular and rhizospheric
fungi of B. archeri, a palm (Arecaceae) endemic to the Cerrado biome.

Isolate Enwronment/ Identification Filo, Class, Order, Family GenBank
Quantity access
SASSAET ioner \ "
<
BA287EF E (7) Fusariumsolani scomycota, Sordariomycetes .y 57g0)3
BA81BEF Hypocreales, Nectriaceae
BA101EF BA301EF
BA296EF E(1) Fusarium oxysporum Ascomycota, Sord_anomycetes JN232163
HypocrealesNectriaceae
BA72EF AscomycotaEurotiomycetes,
BAYOEF E(2) Talaromyces verruculosus Euratiales, Trichocomaceae HQ608025
BA292EF - S AscomycotaEurotiomycetes,
BA3S0EF E(2) Penicillium simplicissimum Eurotiales, Aspergillaceae HM469430
. . AscomycotaDothideomycetes
BA367EF E(1) Stagonosporopsis cucurbitacearu PleosporaleDidymellaceae JQ936326
BALOSRF R() Hypocrea lixii AscomycotaSordariomycetes, ;354
Hypocreales, Hypocreaceae
BA9QORF R() Bionectria ochroleuca AscomycotaSordariomycetes, oo g1,
Hypocreales, Bionectriaceae
BA214EF . AscomycotaSordariomycetes,
BA284EF E@2) Phomopsis sp. Diaporthales, Valsaceae JQ341094

E = Endophytic; R = Rhizospheric


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=147541&lvl=3&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=92860&lvl=3&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=683158&lvl=3&keep=1&srchmode=1&unlock
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Tabela S3. Molecular identification based on ITS region sequencing of seed deteriorating fungi of B. archeri, a palm
(Arecaceae) endemic to the Cerrado biome. D = Deteriorator.

Isolate EnV|r0nrr_1ent/ Identification Filo, Class, Order, Family GenBank
Quantity access
BA139DF . L Ascomycota, Sordariomycetes,
BAL41DF BA151DF D(3) Fusarium verticillioides Hypocreales, Nectriaceae KX196811
BA152DF AscomycotaEurotiomycetes,
BAL56DF BA172DF D(3) Talaromyces ruber Eurotiales, Trichocomaceae LC171870
BA148DF i
BAL178DF D@B)  Talaromyces amestolkiae ASCOMYcotaEurotiomycetes, JQ912016
BA150DF Eurotiales, Trichocomaceae
BA146DF
snieror T
BALS3DF BA173DF
BALS4DF BA174DF
BA155DF . i
BAL75DF D@19)  Aspergillus flavus Ascomycotafurotiomycetes, EF409804
BA157DF Eurotiales, Aspergillaceae
BAL58DE BA177DF
BALS9DE BA179DF
BALGODE BA180DF
BA183DF
BA163DF 83
BA140DF . AscomycotaEurotiomycetes,
BA142DF BA161DF D(3) Aspergillussp. Eurotiales, Aspergillaceae JF312217
BA176DF . . AscomycotaEurotiomycetes,
BALS1DF D(2) Aspergillus nomius Eurotiales, Aspergillaceae KY397991
BA149DF . AscomycotaEurotiomycetes,
BA182DF D(2) Aspergillus ustus Eurotiales, Aspergillaceae AY213637
BA162DF D(1)  Aspergillus tubingensis  AScomycotagurotiomycetes, MG857651
Eurotiales, Aspergillaceae
BA143DF . - . AscomycotaSordariomycetes,
BA145DF D(2) Gibberella moniliformis Hypocreales, Nectriaceae AB374142
BA144DF . . . AscomycotaDothideomycetes
BA170DF D) Neodeightonizhoenicum BotryosphaerialgsBotryosphaeriaces EU673340

Functional traits: In general, 10 of the isoladebacteria BA89RB strain ofB. cereugpresented antagonistic effects
were capable of solubilizing significant concentrationson the seedleteriorating funguspergillus niger with
of CaHPQ, in particular, the BA81RB strain oB. the highest percentagof inhibition being recorded fd.
cereus (570.4 mg L) and the BA123RB strain of cereus(Rl = 14.29%).As for IAA, no fungal isolates
Enterobactersp. (591.1 mg L). In the case of FePQ inhibited the growth oA. niger.
the BA81RBB. cereusstrain washighly effective, and Fewer fungal isolates solubilized phosphates, in
solubilized 750.2 mg 'L! similar to the BALO5RB strain general. The highest rates of solubilization of CalPO
of Enterobactersp., which solubilized 732.9 mg'k were recorded for the BA3&F strain of
(Fig. 5a); however, the high indices of solubilization Stagonosporopsisucurbitacearum(798.90 mg L *of
observed here were not associated with reduced pH &) and the BA99RF strain dBionectria ochroleuca
the cultures, condering that the pH remained close to which solubilized 493.20 mg 'l! of P (Fig. 6a).
neutrality in both CaHP©and FeP®@(Fig. 5b). Moreover, solubilization was observed in other
Only two bacterial isolates did not synthesize IAA, andisolates, such as the BA108RF straintyfpocrea lixii
the highest rates were recorded for the rhizospheric isolates\d the BA72RF strain ofalaromyces verruculosus
BA147RB Enterobactersp.), which synthesized 974y  although the process was less intense. In the specific
mL' lof IAA, and BA118RB Kosakonia oryzge which case of the BA108RF strain ofH. lixii, the
synthesized 85.¢g mL' *(Fig. 2), although the isolates solubilization was associated with an abrupt reduction
BAG6BEB (B. amyloliquefaciens and BAL105RB in the pH of the medium, which indites the liberation
(Enterobactersp.) also synthesized more than 8@®  of organic acids by the microorganism. Furthermore,
mL'" of IAA. None of the fungal isolateynthesized IAA. the BA367EF isolate ofS. cucurbitacearumwas
Only two bacterial isolates, the endophytic BA6S8EB capable of solubilizing FePQreaching 383.83 mg'L*
strain of B. amyloliquefaciensand the rhizospheric of P (Fig. 6b).


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=147541&lvl=3&keep=1&srchmode=1&unlock
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=451869&lvl=3&keep=1&srchmode=1&unlock
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BA147RB
Enterobacter sp.

T B. amyloliquefaciens || B. cereus || Enterobactersp. W Enterobactersp. || Enterobactersp. W K. oryzae W Enterobacter sp. Enterobacter sp. Enterobacter sp.

ﬂ) m 444,59 a 550.21a 406.35a 478.98a 466,008 503.37a 505.65a 483.37a
7.02a 7.84a 7.77a 7.79a 7.87a 7.78a 7.95a 793a 797a 7.96a 793a

b) 513.03b [Fomal  enaa oY) 550.23b 691.60a 663532 566.16 b 640932
7.698 7.67a 7.55b 7.58b 7.83a 7.85a 7.53b 7.68a 7.65a 7.41b 775a

|
] B262a @ 82194 XTI 66.85b @ [s7.00a
Antibiosis of e e —t —t
o) et e LU oooc [ oo | En 3 3 En 000¢ 000c

. Isolate

- Best mean values for this functional trait

B Functional trait absent or rare l Expression of the functional trait
Functional trait present

Non-expression of the functional trait
Characteristic independent of the functional trait J- P

Fig. 5. Functional traits presented by the different endophytic radicular and rhizospheric bacterial isdBatéa afcherj a palm

(Arecaceae) endemic to the Cerrado biome. Mean values followed by different letters are significantly different (5%) from one
another, based on the Scéthott test.

BA671BEF
Fusarium

BA108RF

BA214EF BA2BAEF BA296EF BA367EF BA72RF BAS9RF
Phomaopsis sp. Phomopsis sp. Fusarium Stagonosporopsis Talaromyces Bionectria
oxysporum cucurbitacearum verruculosus ochroleuca

Hypocrea

solani lixii

a) | CaHPO. m 226.20¢
solubilization

PH-CaHPO, | ¢ 4c g 5.09¢ - 4.23d 5.72a 5.29b 5742 527b 4484
solubilization

oo Bl BN B EN Ei BEi E&E 23
48.30b
b:' solubilization

pH - FePO, b
solubilization 6.38a 4.73 4.65b 4.72b 6.24a 478b 489b 4.80b -

. Isolate

. Best mean values for this functional trait

. Functional trait absent or rare l Expression of the functional trait

Functional trait present

Non-expression of the functional trait
Characteristic independent of the functional trait J- P

Fig. 6. Functional traits presented by the different endophytic radicular and rhizospheric fungal isoBtg& afrcherj a palm

(Arecaceae) endemic to the Cerrado biome. Mean values followed by differerd #esignificantly different (5%) from one
another, based on the Sédthott test.
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Discussion

Species of the genera Bacillus Rhizobium and
Enterobacter as observed in the present study, are
commonly known to share endophytic radicular
relationshipswith both native andintroducedplantsof the
Cerradobiome (e.g. Inacio et al., 2017; de Abreu et al.,
2017; Bragaet al., 2018). Da Silva et al., (2015; 2018)
isolated speciesof these generafrom the roots of B.
purpurascensa secondButia palmendemido the Cerrado.
The endophyticfungi of the B. archeri rootsincludedone
speciesof Penicillium andtwo of Fusariumgenerawhich
are known to have endophyticrelationshipswith several
Cerrado plants (e.g. Noriler et al., 2018). Faria et al.,
(2016)isolatedspecief thesegenerdrom therootsof the
native tree, Anacardium othonianum Rizzini; whereas,
Almeida et al., (2005) obtained endophytic isolates of
Fusarium oxysporumand Fusarium sp. from In vitro
samplesof the Bactris gasipaespalm. The occurrenceof
pathogenidineagesof Penicillium and Fusariumis known
to be influencedby climatic factors, such as tenperatue
and humidity (e.g. Ono et al., 1999; Doohanet al., 2003;
Backhouse2014),which indicatesthatthe highly seasonal
tropical climate of the Cerradomay also be favorableto
endophytidineagesof thesegenera.

The highestindices of diversity (ShannoinWiener
H® wererecordedfor the seeddeterioratingfungi, which
supportthe hypothesisthat the fleshy mesocarpof palm
(Arecaceae)fruit may attract these fungi due to their
water content. Moreover, excesswater may reducethe
germinationrate by impedingthe penetrationof oxygen
and affecting seedmetabolismand viability (Figliola et
al,, 1993). Kobori et al., (2009) observedthat seed
germination of Livistona chinensis (Arecaceae)was
impacted by the presenceof seeddeteriorating fungi,
primarily Fusarium In another study, Pereiraet al.,
(2014) found that the presenceof decomposingfungi,
suchasFusarium may avoid predationof the palm fruit
by beetles (Coleoptera) in Acrocomia aculeata
Furthermorethis indicatesthat fungal incidencein these
fruits may be relatedto seedprotectionprovidedby them
througheliminationof volatile compaunds.

Rhizospheric strains oB. cereus(BA81RB) and
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Similarly, the genusEnterobactey in particular the
speciesEnterobacter cloacae, Enterobacter aerogenes,
and Enterobacter ludwiigi are known to promote plant
growth by solubilizing phosphates (see e.g. Shrivasgtava
al., 2018; Singh, 2018) on salinized soils (e.g. Hafeez
al.,, 2018), and those with high concentrations of heavy
metals, by helping to reduce their toxicity (e.g. Agini,
et al, 2018; Pramanikt al, 2018a).

The mechanisms through which these bacteria
solubilize inorganic phosphates remain unclear, although
they may involve the release of organic acids, processes of
chelation and reduction (Altomamt al, 1999),or even
stimulation of plant metabolism, which may promote the
efflux of protons and release of organic acids by the roots
(Carrillo et al, 2002; Shrivastaveet al, 2018). We
observed high levels of phosphate solubilization by the
BA81RB strain of B. cgeus and the BA123RB and
BA105RB strains of Enterobacter sp., although the
expression of this functional trait did not result reduced pH
of the medium, which contradicts the hypothesis that these
strains may have liberated acids to access the Pi. In
contast, numerous studies have confirmed the capacity of
B. cereusandEnterobactetto hydrolyzeorganicphosphate
compounds and produce soluble phosphorus, via synthesis
of phosphatase enzymes (e.g. Danial & Alkhalf, 2018;
Pramaniket al, 2018b; Muslimet al, 2018). Satcet al,
(2016) described a new ectophosphatase acid that is
produced byEnterobacterand concluded that it may
constitute a mechanism for solubilizingneral phosphates
by the microorganisms capable of solubilizing insoluble
minerals, which increases the availability of nutrients for
the plant, in particular in soils with less phosphorus content.

The fungalBA367EF isolate of S. cucurbitacearum
solubilized extremely high levels ofaHPQ, in some
cases, higher that those recorded for the baciedkltes
analyzed in this study. Moreover, this isolate was also
effective for the solubilization of RO,. Biz et al, (2017)
isolated an endophytic radiculatrain of this genus from
Vochysia divergenén the Pantanal biome, but did not
evaluate the functional traits of this strain. In contrast with
the results of the present study, Nandlenial, (2018)
isolated an endophytic strain 8f cucurbitacearunfrom
millet, although it did not appear to promote plant growth

Enterobacteisp. (BA123RB and BA105RB) with potential any perceivable way. One other isolate that was

for solubilizing calcium and iron phosphates wereeffective in solubilizing CaHPDwas the BA9IRF strain
identified in the present study. Numerous previous studiegf B. ochroleuca This endophytic microorganism was

have also confirmed the solubilizing capacityf
rhizospheric strains d@. cereusincluding that of Kiet al,

tested biotechnologically for thproduction of peptides
(Abdalla & Matasyoh, 2014) and exopolysaccharides with

(2018), who tested their potential for the promotion ofantitumoral activity (Liet al., 2016), and also for its
growth in soybean, wheat, and kale. The bacteria of thigotential influence on plant growth, as described by Faria
genus are known to promote plant growth under lowet al, (2016), who confirmed the capacity .

phosphorus availabilityBacillus subtilis Bacillus pumilus
Bacillus sphaericusBacillus polymyxaBacillus brevis B.
amyloliquefaciens Bacillus licheniformis Bacillus
atrophaeus and Bacillus velezensis(de Freitaset al,
1997; Vazqueet al, 2000; Mohameet al, 2018; Rbeiro
et al, 2018; Cheret al, 2019; Diptaet al, 2019), alkaline
(Bacillus marisflaviand B. subtili§ (Ahmadet al, 2018;
Prabhuet al, 2018) and volcanicBacillus thuringiensis

ochroleucafor solubilizing various phosphates.

The BA108RF isolate dfl. lixii solubilized relatively
low concentrations of CaHRQ although its activity
markedly reduced the pH of the mediuhh. lixii is the
sexual stage ofrichoderma harzianunfChaverriet al,
2003, a species that is commonly found in soil samples
worldwide. Honget al, (2010) recorded reduced pH
values in a test experiment in Ratishes, revealing that

(Delfim et al, 2018) soils, or even on soils with high metal H. lixii can solubilize insoluble metallic phosphates, and

concefrrations B. cereus(Yanget al, 2018).

accumulate Cu and Zn in the biomasdtomare et al,


https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2009.04613.x#b12
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2009.04613.x#b12
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2009.04613.x#b4
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(1999) also demonsaited thatT. harzianumis able to
solubilize insoluble minerals (Mn© metallic zinc, and
CaHPQ). From a slightly different perspective, lixii is This work was supported by the Goias State
also known to Synthesize phytawe phosphataseS, in Foundation for Research SUp@)EAPEG ’gChamadaS
particular, via solid (Thyagarajaet al, 2014a) or liquid Publicas  01/2014 PAPPE  INTEGRACAO  and
fermentation, under agitation (Thyagaragtral, 2014b). 12/2013 Apoio a Projetos de Pesquisa para
Thus, H. lixii may also be considered as a potentialFortalecimento dos Programas de -Baduacéo).We
promoter of plant growth. thank the Goiano Federal Institdt&io Verde Campus
On|y one of the Symbiotic bacteria ana|yzed in the(lnstituto Federal Goiano campus Rio VerdE), for their
present study did not produce IAA, and the heist assistance in obtaining plant materiaid acontributing to
concentrations of this phytohormone were synthesized b€ search in the field of the analyzed species; moreover,
the BA147RB strain oEnterobactersp. These findings are We thank the National Council for Scientific and
in accordance to those of Da Sileaal, (2018), in their ~Technological Development (Conselho Nacional de
study of the palnB. purpurascengArecaceae), in which Desenvolvimento Cientifico e Tecnol6giEe€€NPq) and
the highest concentrations of IAA were also produced by Brazilian Federal Agency fohe Support and Evaluation of
strain of Enterobacter Shoebitzet al, (2009) isolated a Graduate Education (Coordenacdo de Aperfeicoamento de
strain of Enterobacterthat may promote plant growth, Pessoal de Nivel Super®ICAPES) for the doctorate
considering its capacity for producing IAA, solubilization scholarship.
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