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Endophytic bacterial communities are dynamic, capable of
spreading throughout plant tissues, and perform metabolic
functions that may benefit the host plant. Despite the current high
interest in symbiotic microorganisms of medicinal plants, little is
known about the functional traits of the endophilic bacteria of
Aloe vera (L.) Burm. f., which has diverse chemical composition
characterized by the synthesis of various bioactive substances. As
this composition can be influenced by the endophytic microbiota,
we tested the hypothesis that the root bacteria of Aloe vera
present multifunctionality with potential in biotechnology for plant
growth. A total of 129 endophytic bacteria from three
environments, a field, garden, and nursery (n=3), were isolated,
and phylogenetic analysis revealed the presence of four groups:
Proteobacteria, Firmicutes, Bacteroidetes and Actinobacteria. The
functional trait for indole acetic acid (IAA) synthesis was observed
in 32 of the isolates, with emphasis on the 135V Enterobacter
tabaci strain, which revealed the highest production (225.2 μg
mL-1). The results found for Bayóvar phosphate solubilization were
not expressive, with the highest values observed for the
bacterium 149H Paraburkholderia sp. (45.7 mg L-1). The 3V
isolate Brevibacillus agri presented 45.6% antagonism against S.
sclerotiorum. The greatest inhibition of the phytopathogens
Fusarium sp. and Rhizoctonia sp. was observed with 149H
Paraburkholderia sp. and 348V E. tabaci, respectively. This was
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the first study to evaluate the potential of endophytic bacteria of
Aloe vera. Our results indicate that the isolates 135V and 348V E.
tabaci and 149H Paraburkholderia sp. have potential for in vivo
testing in promoting plant growth.

INTRODUCTION
Plants establish intrinsic relationships with a range of microorganisms, such as endophytic, rhizospheric, and
mycorrhizal organisms, which have aroused the interest of the scientific community owing to their proven benefits [1-5].
These microorganisms are naturally associated with the host plant and can occur endogenously. This is true for
endophytic microorganisms, which colonize internal plant tissues for at least a part of their life-cycle [6] without causing
functional damage or disease symptoms [5,7]. In addition, they may be dependent on the host plant, through vertical
transmission or vector insects [8].
Endophytic bacterial communities are dynamic and capable of spreading systemically throughout plant tissues [9].
Such colonization has several benefits, since this community can communicate and interact efficiently, regardless of the
environmental conditions to which the plant is subjected [10]. This increases plant growth [11] and maximizes protection
against plant pathogens [12], which can enhance resistance to stress [13,14] and may stimulate the synthesis or
production of bioactive compounds of interest [15-17].
Several studies have confirmed that bacterial strains associated with roots can promote plant health and growth
through mechanisms such as phytostimulation, biofertilization, and/or biocontrol [18-20]. Several genera, such as
Pseudomonas [21-22], Pantoea, Bacillus [23], Serratia, Enterobacter [24], Azospirillum [25], and Paraburkholderia [26] are
beneficial for plant growth.
The association between endophytic plants and microorganisms results in direct physiological effects on plant growth
and development, such as: nitrogen fixation [27] and phosphate solubilization [23,28], as well as the production of
ammonia [29], siderophores [18], phytohormones [30,31], and hydrolytic enzymes [27]. These benefits meet the needs of
current plant cultivation through sustainable methods that reduce the use of chemical fertilizers and pesticides,
replacing conventional mechanisms to preserve soil biological diversity. Therefore, a strategic alternative is the selection
and use of microorganisms with biotechnological application, which influence plant growth and health, as well as soil
quality and nutrient cycling.
Knowledge about plant-soil relationships and the deleterious effects that excessive or inadequate application of
chemical fertilizers have on the environment have changed farmers' views regarding the use of biological products, such
as microbial inoculants; their use has increased globally owing to their proven agronomic effects [32]. The production of P
fertilizers is expensive because they are based on the chemical processing of insoluble rock phosphate, which makes
access to farmers under-capitalized and typically family-based, onerous. Thus, biotechnology based on phosphatesoluble bioinoculants have been proposed as alternatives to increase P availability to crops and reduce fertilizer use [33].
Bacteria, fungi, and actinomycetes isolated from medicinal plants such as Asclepias sinaica [34], Echinacea purpurea,
Lonicera japonica [35], Rauwolfia serpentina, Gymnema sylvestre, Stevia crenata, Bacopa monnieri, Andrographis
paniculata, Withania somnifera [36], Teucrium polium [37], Terminalia bohera, and Manihot esculenta [38], have been
shown to be efficient in agriculture, and have been applied to different crops owing to the multiple functions they
perform.
Medicinal plants act in a specific manner when selecting endophytes, since the choice may be based on the secondary
metabolites produced by the plant and the composition of the root exudates; therefore, these microbial communities
diversify according to their nutritional needs, the type of soil, and the environment in which they are found [39]. Studies
have shown that bioactive compounds synthesized by host medicinal plants are also produced by the endophytic
microbiota [40-43], and there is evidence that metabolic synthesis pathways have evolved independently in plants and
microorganisms [44,45], and for horizontal gene transfer [46]. Metabolites other than those produced by the medicinal
plant can also be produced by the endophytic microbiota, contributing to the heterogeneity of the phytochemical profile
and plant biofunctions [47-49]. Therefore, medicinal plants may represent readily available sources of microorganisms
with biotechnological potential [34,50].
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Aloe vera L. Burm. f. is a plant known worldwide for traditional medicine and is of significant commercial importance
It is widely used for the production of cosmetics, tonics, and in the food industry [52], and has great medicinal
potential, with approximately 75 active ingredients described [53]. Considering that this potential may be due in part to
the endopathic community of Aloe vera, we tested the hypothesis that the root endophytic bacteria of this plant were
multifunctional, which could contribute biotechnologically to agriculture.

[51,52].

Recently, Akinsanya et al. [54] isolated endophytic bacteria from Aloe vera, including Pseudomonas hibiscicola,
Macrococcus caseolyticus, Enterobacter ludwigii, and Bacillus anthracis, which can produce bioactive compounds of
medical importance with antimicrobial activity against bacterial pathogens. In another study, Akinsanya et al. [55]
evaluated the diversity of the endophytic bacterial community of this plant by metagenomics, and demonstrated a
greater colonization in the root system; however no studies have examined the functional traits expressed by this
community. Therefore, to address this gap, we aimed to isolate cultivable bacterial isolates associated with the roots of
Aloe vera obtained from heterogeneous environments, and to test the biotechnological potential of the strains in terms of
plant growth.

MATERIAL AND METHODS
Study Area and Sample Collection
The root systems of three Aloe vera individuals were sampled in different environments in the city of Rio Verde, GO,
central-western Brazil, in the following locations and geographical coordinates: (1) nursery (latitude 17°47.224'S,
longitude 050°57.966'W, and altitude of 786 m), in interaction with diverse vegetation, between arboreal and
herbaceous species; (2) garden (latitude 17°48.137'S, longitude 050°55.824'W, and altitude of 701 m) in contact with
herbaceous plants, especially medicinal plants, receiving periodic cultural treatments; and (3) field (latitude
18°13.407'S, longitude 51°01.174'W, and altitude of 553 m), anthropic region, of little vegetation (Figure 1). Sampling
was performed with the objective of recovering a wide diversity of cultivable bacteria, increasing the chances of isolating
bacteria with functional traits for biotechnological application. To avoid that climatic factors could affect the dynamics of
the microbial community, interfering with the results, all Aloe vera plants were sampled on the same day (02/05/2015),
between 08 AM and 10 AM. This was a rainy day, and the temperature between the collection areas varied between 19
˚C and 20˚C, while the relative air humidity remained at 80%.
The individuals selected had no apparent disease symptoms. The collected roots were stored in properly identified
plastic bags and transported to the Agricultural Microbiology Laboratory of IF Goiano, Rio Verde Campus for analysis.

Figure 1: Environments from which Aloe vera roots were collected. A) Field: Farm; B) Garden of the Planta e Vida Cooperative;
C) Nursery of the University of Rio Verde, GO; D) Extensive root-system of Aloe vera.
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Endophytic Bacteria Isolation
Endophytic bacteria were isolated using root fragments. These were washed in running water to remove excess
adhered soil and fragments were then shaken in water and neutral detergent (1%) at 70 rpm for 10 min to reduce the
density of epiphytic microorganisms. The surface of the fragments was disinfected by successive washes in ethanol
(70%), 2.5% sodium hypochlorite (active chlorine), and ethanol (70%) for 1 min, 5 min, and 30 sec, respectively. At the
end of the process, four washes were performed using autoclaved distilled water. In addition, an aliquot of 100 μL was
taken from the final wash for inoculation in a nutrient broth (3 g meat extract, 5 g peptone) at 28°C for 24 h to test the
efficiency of the disinfestation process.
The disinfested fragments were cut to approximately 1 cm in length and placed on Petri dishes containing potato
dextrose agar (Acumedia®; PDA). The growth of endophytic bacteria was monitored until day 10. The frequency of
colonization was evaluated considering the percentage of fragments with at least one endophytic bacteria, in relation to
the total fragments analyzed, according to the formula below.
Frequency of colonization = (No. fragments/ Total fragments) x 100
Spore Extraction of Arbuscular Mycorrhizal Fungi (AMF)
Three samples of rhizospheric soil were collected from the same sampling sites at 0-20 cm depth. Spores were
extracted by the wet-sieving method [56], whereby 50 g of dry soil was passed through 0.42 mm and 0.053 mm mesh
sieves and centrifuged at 1,811x g in water and at 804x g in a solution of 50% sucrose, for 3 min and 2 min, respectively.
The spore density was determined by counting under z Zeiss Discovery V8 (40x) stereomicroscope on a plate with
canalettes.
Identification and Phylogenetic Relationships of Isolates
Total genomic DNA was extracted from the purified bacteria as described by Cheng and Jiang [57]. Bacterial species
were identified based on partial sequencing of the 16S rRNA, using the universal primers 27F (5'-AGA GTT TGA TCM TGG
CTCAG-3') and 1492R (5'-TAC GGY TAC CTT GTT ACG ACT T-3') [58].
PCR products were purified using the PureLink Quick Gel Extraction and PCR Purification Combo Kit (Invitrogen®) as
instructed by the manufacturer. Sequencing was performed by the Sanger method. Fragments with 16S gene sequences
of at least 900 bp were analyzed by the software BLASTn, and each strain was identified through the National Center for
Biotechnology Information Blast (www.ncbi.nlm.nih.gov/BLAST) [59].
The phylogenetic relationships of the isolates were inferred using 661 SNPs found in the sequences obtained from the
16S regions aligned with type sequences extracted from the database of the Ribosomal Database Project and the
National Center for Biotechnology Information Blast using the software CLUSTAL OMEGA [60]. The reference sequences
were chosen based on the degree of similarity to the sequences obtained from the isolates, given by the databases.
The evolutionary model of the TrN+G sequences was selected using Bayesian Information Criterion (BIC), implemented
in software JMODELTEST 2 [61]. The phylogenetic tree was inferred through the software MR BAYES v.3.2.6. [62], using
methods based on Bayesian inference. Four independent runs were performed, with 10 × 106 generations assigned to
each chain, with probability distribution a posteriori for every 500 generations. Before calculating the consensus tree,
and to ensure the convergence of the chains, the first 2,500 trees sampled were discarded. Subsequently, the recovered
phylogeny was tested by the bootstrap method, with 5,000 replications, through the MEGA 7 program [63]. The tree
obtained was visualized and edited with the program FigTree v 1.4.2 [64]. A sequence from Methylobacterium rhodinum
was used as an out-group.
Selection of Endophytic Bacteria and Auxin Production
Indoleacetic acid (IAA) production was used to investigate the multifunctional potential of bacteria; only bacteria with
this potential were tested for other traits. The use of this criterion reflects the fact that root endophytic bacteria are
associated with the biosynthesis of this phytohormone, and can directly affect its homeostasis, while rhizosphere
microorganisms tend to be more associated with nutrient supply [65].
IAA production was quantified using the colorimetric method developed by Gordon and Weber [66]. The bacterial
isolates were cultured under constant stirring at 90 rpm in nutrient broth medium (3 g meat extract, 5 g peptone) at 28°C
for 72 h. The optical density (OD600) of all bacterial samples was adjusted to 0.3 by dilution with saline solution (0.85%).
IAA production was quantified in triplicate. Bacterial cultures were inoculated in nutrient broth medium supplemented
with L-tryptophan (1%) and maintained for 72 h at 28°C in the dark at 90 rpm. As a control, the broth culture medium was
used with tryptophan without bacterial inoculum. After incubation, the samples were centrifuged (12,000 rpm for 5 min
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at 10°C), then 1 mL of the supernatant from each isolate was transferred to a test tube, and 1 mL of Salkowski reagent
(1,875 g FeCl3.6H2O, 100 mL H2O, and 150 mL H2SO4) was added.
The tubes were kept in the dark for 15 min at 28°C for further quantification of IAA in a spectrophotometer (530 nm).
IAA concentrations were obtained using the equation of the calibration curve obtained with commercial IAA [31]. The 32
strains with the most satisfactory results for IAA production were then tested for other functional traits.
Phosphate Solubilization
Bacterial cultures were standardized at an OD600 of 0.3 and inoculated in triplicate, with 1 mL in each penicillin glass
containing 9 mL of GY culture medium (10 g glucose, 2 g yeast extract), supplemented separately with four phosphate
sources: 5g L-1 of reactive natural phosphate from Bayóvar, Peru (12.8% P), 5g L-1 from tricalcium phosphate [Ca3(PO4)2],
2g L-1 from iron phosphate (FePO4), and 1g L-1 of aluminum phosphate (AlPO4). These remained under constant agitation
at 90 rpm for 72 h at 28°C. As a control, the GY medium was used with each phosphate source. Subsequently, the pH
was measured. The amount of inorganic P was determined by the colorimetric method described by Murphy and Riley
[67]. Bacterial phosphate solubilization was estimated using the standard curve equation.
Siderophore Production
Siderophore production was evaluated using the universal methodology adapted by Schwyn and Neilands [68]. The
bacterial isolates were cultured in tryptophanin soybean culture medium, diluted 1/10, and incubated in an oven at 28°C
for 72 h. The cell suspension was centrifuged at 12,000 rpm for 10 min, 1 mL of the supernatant was transferred into
test tubes, and then 1 mL of chromoazide S (CAS) indicator solution was added. Conversion of the blue color of the CAS
solution in the supernatant to orange-yellow over the 15 min period indicated that the isolate was capable of producing
siderophores.
Antibiosis to Phytopathogenic Fungi
The antagonism of bacteria against the phytopathogens Sclerotinia sclerotiorum (white mold), Fusarium sp., and
Rhizoctonia sp. was tested using the double culture method [69]. Initially, four endophytic bacteria were inoculated at the
edge of each plate containing PDA culture medium, 3 cm from the center of the plate, where a 5 mm diameter pathogen
mycelium disc was deposited. For the control treatment, a plate containing the phytopathogen in the center was used.
Evaluations were made relative to the control plates, where mycelial growth was observed up to 3 cm away from the
center, by visual analysis.
Isolates presenting some degree of phytopathogen inhibition were individually tested in triplicate. In a Petri dish
containing PDA medium, a 5 mm diameter culture dish containing endophytic bacterium and each pathogenic isolate
was inoculated at equal distance. The control treatment consisted of a plate containing only the phytopathogen. The
plates were incubated at 25°C until the mycelium of the pathogen developed, without the presence of the endophytic
bacteria, on the whole culture medium. Subsequently, the zone of inhibition provoked by the different endophytic
bacteria was evaluated.
The diameter of each fungus was measured with a pachymeter and the zone of fungal growth inhibition was confirmed
by the production of suppressive compounds by the bacterium. The percentage suppression by each treatment was
calculated using the relative index (RI), as follows:
RI (%) = (RC−RX)/ RC x 100, where:
RC = radius of the pathogen colony in the control treatment
RX = radius of the pathogen colony paired with the endophytic isolate
Enzymatic Evaluation
The enzymatic activity (amylase, cellulase, pectinase, and protease) of the strains was evaluated. A pre-inoculum was
performed in which bacteria were grown in nutrient broth culture medium for 48 h at 90 rpm at room temperature. For
the tests, 5 μL of each isolate was inoculated by the micro-plating technique in the culture medium used for each test,
and four strains were evaluated per Petri dish.
Amylase Production
To determine amylolytic activity, the bacteria were inoculated by micro-plating in nutrient agar (NA) medium
supplemented with 0.2% soluble starch [70] and incubated for 72 h at 28°C. The culture medium was then covered with a
Lugol solution for 15 min. Following exposure to metallic iodine, a transparent halo was observed around colonies that
produced amylase [71].
Res & Rev : J Microbiol Biotechnol | Volume 7 | Issue 3 | October, 2018
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Cellulase Production
To determine cellulase production, culture medium was used as described by Cattelan [72], whereby the bacteria were
inoculated in trypticasein soy agar medium (TSA) containing 10 g/L cellulose and incubated for 72 h at 28°C. A Congo
red solution (0.3%) was added to each plate for 15 min and incubated at room temperature. The excess was then
removed and NaCl (1M) solution was added for discoloration and incubation for 15 min. Cellulase-producing bacteria
presented a light-colored halo with orange borders, indicative of hydrolysis [73].
Pectinase Production
To confirm the production of pectinases, the method proposed by Hankin et al. [74] was modified. Briefly, PDA medium
plus 10 g of pectin/L was used. Bacteria were grown for 48 h at 28°C and the plate was covered for 15 min with
hexadecyltrimethylammonium bromide solution (1%). This reagent precipitates intact pectin in the medium, and light
zones around the colony indicate the degradation of pectin via the action of pectinase.
Protease Production
YPD medium (5 g peptone, 3 g yeast extract, 10 g glucose, and 20 g agar containing 2% casein) was used, and
solubilized in hot water followed by autoclaving for 10 min at 110°C. The plates were incubated for 72 h at 28°C. Bacteria
were cultivated in this medium; protease-positive bacteria formed a light halo around their colonies, indicating the
presence of proteases [71].
Tolerance to Salinity
Four bacteria, which presented positive characteristics for plant growth in previous tests, were selected. The tolerance
of these bacteria was evaluated in nutrient agar medium containing different concentrations of NaCl (0, 1, 2, 4, and 6%)
and incubated for 48 h at 28°C, as described by Cardoso et al. [75].
Statistical Analysis
Data were submitted to analysis of variance and the average AMF spore densities were compared by Tukey’s test (5%).
Average values for phosphate solubilization, IAA synthesis, and antibiosis were compared by the Scott-Knott test (5%). All
analyses were performed using the software SISVAR [76].

RESULTS
Isolation and Density of Endophytic Bacteria and AMF Spores
The colonization frequency of endophytic bacteria in the root fragments was 100% for the nursery and garden samples
and 98.6% for the field sample. In total, 129 endophytic bacteria were obtained, including 36 from the field, 20 from the
garden and 73 from the nursery. Only 32 isolates were selected for subsequent studies based on auxin production as
follows: one from the field, six from the garden, and 25 from the nursery (Figure 2).
The density of soil spores differed significantly between the environments evaluated; the density was highest in the
nursery samples at 1,375 (50 g-1) compared with the garden samples at 865 (50 g-1) and field samples at 93 (50 g-1).

Res & Rev : J Microbiol Biotechnol | Volume 7 | Issue 3 | October, 2018

46

Research & Reviews: Journal of Microbiology and Biotechnology

e-ISSN: 2320-3528
p-ISSN: 2347-2286

Figure 2: Percentage of endophytic bacteria isolated from the roots of Aloe vera. Bacteria were selected based on the
production of indoleacetic acid and arbuscular microrrheic fungi (AMF) spores on the rhizospheric soil of the samples field, garden
and nursery.

Identification and Phylogenetic Analysis of Isolates
The identified bacteria represented 10 genera, distributed in four groups. Proteobacteria was the most abundant and
was represented by the classes Gammaproteobacteria and Betaproteobacteria; Firmicutes, class Bacilli; Bacteroidetes,
class Flavobacteriia; and Actinobacteria, class Actinobacteria. The 32 isolates were identified by the degree of genetic
similarity in: Enterobacter sp. (4), Enterobacter asburiae (1), Enterobacter tabaci (8), E. ludwigii (4), Pantoea agglomerans
(1), P. cypripedii (1), Lelliottia nimipressuralis (1), Paraburkholderia sp. (1), Bacillus megaterium (3), B. agri (1),
Lysinibacillus xylanilyticus (1), L. macroides (2), Microbacterium aerolatum (1) and Chryseobacterium taiwanense (3)
(Figure 3).

Figure 3: Similarity tree based on 16S gene sequences from endophytic bacteria isolated from the roots of Aloe vera in three
different sites with relationships between the nearest strains. (T) Type strain. Letters following the isolate numbers indicate the
sampling site (V =nursery, H=garden, and C=field). Black numbers below the nodes indicate the posterior probability, and the blue
values above the nodes represent the bootstrap values based on 10,000 replicates.
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IAA Production and Selection of Endophytic Bacteria
The ability to synthesize IAA was evaluated quantitatively in 129 endophytic bacteria; 24.8% (32 bacteria) presented
positive results, with concentrations varying between 0.3 and 225.2 μg mL-1. Nineteen bacterial isolates produced
significant amounts of this phytohormone (greater than 80 μg mL-1) and only seven isolates presented less than 20 μg
mL-1 of IAA. The 135V E. tabaci isolate produced the highest concentrations of IAA (Table 1).
Table 1: In vitro production of indoleacetic acid (IAA) by bacteria obtained from the roots of Aloe vera.
Isolate

IAA (μg mL-1)

σM±

389C Pantoea cypripedii

42.4 d

1.5

62H Enterobacter sp.

113.7 b

10.3

63H Enterobacter sp.

116.3 b

6.7

65H Enterobacter sp.

119.4 b

8.8

149H Paraburkholderia sp.

132.6 b

1.9

180H Enterobacter sp.

97.9 c

4.5

383H Lysinibacillus macrolides

5.7 d

1.6

2V Bacillus megaterium

6.4 d

1.9

3V Brevibacillus agri

0.3 d

0.2

4V Bacillus megaterium

5.3 d

2.6

6V Lysinibacillus xylanilyticus

7.9 d

1.2

14V Enterobacter tabaci

119.2 b

1.4

16V Lysinibacillus macrolides

29.9 d

1.9

17V Enterobacter tabaci

83.0 c

8.6

18V Enterobacter tabaci

113.3 b

6.5

20V Enterobacter tabaci

88.6 c

10.8

23V Microbacterium aerolatum

11.6 d

6.7

32V Chryseobacterium taiwanense

24.3 d

1.2

35V Enterobacter ludwigii

122.8 b

3.7

38V Enterobacter asburiae

152.1 b

0.7

41V Bacillus megaterium

8.3 d

1.2

43V Enterobacter tabaci

111.6 b

12

49V Enterobacter ludwigii

83.2 c

11.1

54V Pantoea agglomerans

20.7 d

1

116V Chryseobacterium taiwanense

22.1 d

0.5

125V Chryseobacterium taiwanense

24.3 d

2.9

126V Enterobacter ludwigii

101.0 c

8.7

127V Enterobacter ludwigii

115.9 b

3.1

128V Enterobacter tabaci

131.0 b

6.8

135V Enterobacter tabaci

225.2 a

2.9
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348V Enterobacter tabaci

103.4 c

1.6

349V Lelliottia nimipressuralis

104.0 c

1.8

Average values followed by the same letter do not differ from one another by the Scott-Knott test (5%); σM = standard error of the mean.

Phosphate Solubilization
Maximum Bayóvar phosphate solubilization was detected by the bacterium 149H Paraburkholderia sp. (45.7 mgL-1),
which reduced the pH to 3.3. The most effective solubilization of Ca3(PO4)2 was observed with the isolate 389C Pantoea
cypripedii (36.5 mg L-1), with pH 3.9. For FePO4, only four bacteria demonstrated solubilization, although the levels
observed were low, at ≤ 3.4. When using AlPO4 as a phosphate source, no solubilization was observed for any of the
bacteria tested. Isolates 383H Lysinibacillus macroides, 6V and 16V L. xylanilyticus, and 116V and 125V C. taiwanense
did not solubilize any of the phosphate sources tested. As expected, lower final pH values were related to higher
solubilization levels (Table 2).
Table 2: pH and in vitro solubilization of Bayovar natural phosphate (P), tricalcium phosphate (Ca3(PO4)2), and iron phosphate
(FePO4) by Aloe vera root endophytic bacteria
Isolate

Bayovar phosphate
pH

P soluble
(mg L-1

Ca342
±
M

pH

FePO4
P soluble
(mg L-1

±
M

pH

P soluble
(mg L-1

σM±

389C Pantoea cypripedii

6.3 c

-

-

3.9 a

36.5 a

0.18

3.4 a

2.8 a

0.02

62H Enterobacter sp.

5.2 b

7c

0.09

6.7 e

4.9 g

0.03

7f

-

-

63H Enterobacter sp.

5.3 b

5.7 c

0.11

6.8 e

2.1 h

0.02

7.2 f

-

-

65H Enterobacter sp.

4.4 a

10.3 b

0.09

6.8 e

2h

0.01

6.9 f

-

-

149H Paraburkholderia sp.

3.3 a

45.7 a

0.12

6.1 d

29.6 b

0.29

7f

-

-

180H Enterobacter sp.

5b

12.9 b

0.03

6.8 e

2.1 h

0.01

8f

-

-

383H Lysinibacillus macroides

8.1 d

-

-

8f

-

-

7d

-

-

2V Bacillus megaterium

4.1 c

2.6 d

0.04

5.5 c

8.7 f

0.03

5.6 d

-

-

3V Brevibacillus agri

7.5 d

-

-

7.1 e

-

-

4.2 b

2.1 a

0.03

4V Bacillus megaterium

4.5 a

-

-

4.8 b

23.8 c

0.06

4.8 c

-

-

6V Lysinibacillus xylanilyticus

7.5 d

-

-

8f

-

-

7.8 f

-

-

14V Enterobacter tabaci

6.8 c

-

-

6.6 e

8.4 f

0.02

7.1 f

-

-

16V Lysinibacillus macroides

6.4 c

-

-

8.2 f

-

-

5.8 d

-

-

17V Enterobacter tabaci

6.9 c

-

-

6.7 e

9.1 f

0.06

7.1 f

-

-

18V Enterobacter tabaci

4.8 b

3d

0.03

4.9 b

21.5 d

0.03

5.3 d

0.7 b

0.02

20V Enterobacter tabaci

6.7 c

-

-

6.7 e

5.9 g

0.03

6.7 e

-

-

23V Microbacterium aerolatum

6c

-

-

5.3 c

18.2 d

0.07

5.7 d

-

-

32V Chryseobacterium taiwanense

6.9 c

-

-

6d

6.1 g

0.02

5.6 d

-

-

35V Enterobacter ludwigii

5.3 b

12.3 b

0.09

6.6 e

12.6 e

0.05

7.1 f

-

-

38V Enterobacter asburiae

6.7 c

-

-

6.6 e

4.1 g

0.04

7f

-

-

41V Bacillus megaterium

4.1 a

2.1 d

0.01

4.9 b

25.6 c

0.12

5.4 d

-

-

43V Enterobacter tabaci

6.7 c

-

-

6.5 e

6.7 g

0.05

7.2 f

-

-
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49V Enterobacter ludwigii

4.3 a

16.9 b

0.09

6d

3.3 h

0.02

6d

-

-

54V Pantoea agglomerans

5.1 b

7.1 c

0.08

6,1 d

24.6 c

0.05

4.8 c

3.4 a

0.01

116V Chryseobacterium taiwanense

6.6 c

-

-

6.2 d

-

-

5.5 d

-

-

125V Chryseobacterium taiwanense

6.9 c

-

-

6.2 d

-

-

5.5 d

-

-

126V Enterobacter ludwigii

4.5 a

9b

0.01

6.5 e

14.5 e

0.18

6.6 e

-

-

127V Enterobacter ludwigii

5.2 b

11.5 b

0.16

6.7 e

3.8 h

0.01

6.8 e

-

-

128V Enterobacter tabaci

6.6 c

-

-

6.7 e

2.4 h

0.03

7f

-

-

135V Enterobacter tabaci

4.4 a

13 b

0.01

6.7 e

9f

0.13

5.6 d

-

-

348V Enterobacter tabaci

4.4 a

14 b

0.05

6.9 e

2.4 h

0.07

5.7 d

-

-

349V Lelliottia nimipressuralis

4.3 a

5c

0.04

6.6 e

5.5 g

0.18

6.3 e

-

-

Averages followed by the same letter do not differ from one another by the Scott-Knott test (5%). (-) indicates no solubilization; σM = standard
error of the mean.

Antibiosis and Siderophore Production
Initial screening with 32 bacteria revealed that 40.6% (13) of isolates exerted some degree of mycelial growth
inhibition of S. sclerotiorum, 34.4% (11) on Fusarium sp., and 21.9% (7) against Rhizoctonia sp. (Figure 4). Quantitative
assessment of antagonistic activity against S. sclerotiorum revealed a variation of 11.4 to 45.6% in terms of relative
inhibition. Among the isolates, 383H L. macroides, 3V Brevibacillus agri, and 14V and 17V Enterobacter tabaci presented
inhibition rates between 35.6 and 45.6%. For the phytopathogens Fusarium sp. and Rhizoctonia sp., the relative
inhibition was lower, reaching no more than 34%, with the highest levels presented by the bacteria 149H
Paraburkholderia sp. and 348V Enterobacter tabaci (Table 3). Siderophore production was negative for all bacterial
isolates evaluated.

Figure 4: Double culture test between root endophytic bacteria of A. vera and phytopathogens Sclerotinia sclerotiorum,
Fusarium sp., and Rhizoctonia sp. (A) S. sclerotiorum (control); (B) Antagonism between the phytopathogenic fungus S.
sclerotiorum and the bacterium 14V Enterobacter tabaci. (C) Fusarium sp. (control); (D) Antagonism between Fusarium sp. and the
bacterium 149H Paraburkholderia sp. (E) Rhizoctonia sp. (control); (F) Antagonism between Rhizoctonia sp. and the bacterium
348V Enterobacter tabaci.
Table 3: Inhibition of mycelial growth of phytopathogenic fungi Sclerotinia sclerotiorum, Fusarium sp., and Rhizoctonia sp. by
endophytic bacteria in antagonism tests in vitro.
Isolate

Sclerotinia sclerotiorum
RC1
(cm)

σM (RC)±

Fusarium sp.
RI2
(%)
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Rhizoctonia sp.
RI2
(%)
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(cm)
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389C Pantoea cypripedii

8.0 c

0.07

11.4

8.0 b

0.07

11.5

-

-

-

62H Enterobacter sp.

-

-

-

-

-

-

-

-

-

63H Enterobacter sp.

-

-

-

8.4 b

0.08

6.3

7.1 b

0.04

21.5

65H Enterobacter sp.

-

-

-

8.8 b

0.05

1.9

8.8 c

0.11

2.2

149H Paraburkholderia sp.

6.5 b

0.13

28.1

6.1 a

0.05

32.2

-

-

-

180H Enterobacter sp.

7.0 c

0.05

21.9

-

-

-

-

-

-

383H Lysinibacillus macroides

5.3 a

0.5

41.4

-

-

-

-

-

-

2V Bacillus megaterium

-

-

-

-

-

-

-

-

-

3V Brevibacillus agri

4.9 a

0.06

45.6

-

-

-

-

-

-

4V Bacillus megaterium

-

-

-

-

-

-

-

-

-

6V Lysinibacillus xylanilyticus

-

-

-

-

-

-

-

-

-

14V Enterobacter tabaci

5.1 a

0.17

43

8.1 b

0.04

10.4

-

-

-

16V Lysinibacillus macroides

-

-

-

-

-

-

-

-

-

17V Enterobacter tabaci

5.8 a

0.23

35.6

-

-

-

-

-

-

18V Enterobacter tabaci

7.3 c

0.11

19.2

-

-

-

-

-

-

20V Enterobacter tabaci

-

-

-

-

-

-

-

-

-

23V Microbacterium aerolatum

7.8 c

0.23

13.7

-

-

-

-

-

-

32V Chryseobacterium taiwanense

-

-

-

-

-

-

-

-

-

35V Enterobacter ludwigii

6.2 b

0.12

31.4

-

-

-

-

-

-

38V Enterobacter asburiae

-

-

-

8.7 b

0

3.3

7.7 b

0.37

14.1

41V Bacillus megaterium

-

-

-

-

-

-

-

-

-

43V Enterobacter tabaci

-

-

-

-

-

-

-

-

-

49V Enterobacter ludwigii

-

-

-

8.1 b

0.23

10

7.1 b

0.36

21.5

54V Pantoea agglomerans

7.2 c

0.07

19.7

7.9 b

0.35

11.9

-

-

-

116V Chryseobacterium taiwanense

-

-

-

-

-

-

7.1 b

0.04

21.5

125V Chryseobacterium taiwanense

-

-

-

-

-

-

-

-

-

126V Enterobacter ludwigii

-

-

-

-

-

-

-

-

-

127V Enterobacter ludwigii

-

-

-

8.9 b

0.06

1.1

-

-

-

128V Enterobacter tabaci

-

-

-

8.4 b

0.06

6.7

8.9 c

0.04

0.7

135V Enterobacter tabaci

-

-

-

-

-

-

-

-

-

348V Enterobacter tabaci

6.6 b

0.17

27

6.8 b

0

24.4

6.0 a

0.28

33.7

349V Lelliottia nimipressuralis

6.8 b

0.03

24.8

-

-

-

-

-

-

Control

9.0 d

0

0

9.0 b

0

0

9.0 c

0

0

Averages followed by the same letter do not differ by the Scott-Knott test (5%); 1Radius of phytopathogen colony. 2Relative inhibition. (-): indicates
no inhibitory activity; σM = standard error of the mean

Microscopic images showed relevant morphological changes after 4 days of S. sclerotiorum phytopathogen cultivation
with endophytic bacteria. Some hyphae became swollen, twisted, and dehydrated, and others were collapsed (Figure 5).
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Figure 5: Morphological alterations of the mycelium of the phytopathogenic fungus S. sclerotiorum are indicated by red arrows
following interaction with root endophytic bacteria of Aloe vera. (A) Control - hyphae of S. sclerotiorum; (B) interaction with the 3V
B. agri bacterium – hyphae swollen; (C) 14V Enterobacter tabaci bacterium - hyphae twisted; (D) bacterium 17V E. tabaci degenerative changes in the morphology of hyphae; (E) 383H L. macroides bacteria – hyphae collapsed or swollen.

Enzymatic Evaluation and Salinity Tolerance
There was evidence of amylolytic activity in 34.4% (11) of the bacteria by bacterial isolates 2V, 4V, and 41V (B.
megaterium), 3V (B. agri), 18V and 135V (E. tabaci), 23V (M. aerolatum), 32V, 116V, and 125V (C. taiwanense), and 349V
(L. nimipressuralis). No cellulase, protease, or pectinase activity was observed for any the bacteria tested.
With respect to salinity, among the selected bacteria, 35V E. ludwigii, 135V E. tabaci, and 389C P. cypripedii presented
good growth under all NaCl concentrations, while 149H Paraburkholderia sp. did not tolerate the highest concentrations
of NaCl (4% and 6%).
Multifunctional Potential of Isolates
None of the 32 isolates tested have all the 13 functional characteristics evaluated. Only three isolates were able to
produce IAA, and six of the functional characteristics evaluated were observed in three bacteria (Figure 6A). The
predominant features were IAA production and calcium phosphate solubilization (Figure 6B).

Figure 6: Multifunctional potential of endophytic bacteria associated with the roots of A. vera from different sites. A) Number of
bacterial isolates expressing potential functional traits for biotechnology; B) Number of isolates presenting each functional trait
evaluated (IAA biosynthesis, amylase production, Bayóvar phosphate solubilization, calcium and iron, and antibiosis to
phytopathogens S. sclerotiorum, Fusarium sp., and Rhizoctonia sp.)
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Isolates 149H Paraburkholderia sp., and 135V and 348V E. tabaci were notable for their expression of the functional
traits evaluated (Figure 7). The 135V isolate produced the highest levels of IAA detected, and showed potential for
Bayóvar phosphate solubilization, amylase production, and salinity tolerance, while the 149H isolate produced the
second highest level of IAA, and the highest values for Bayóvar phosphate solubilization, and relative inhibition of
Fusarium sp. The 348V isolate showed good potential for IAA synthesis, Bayóvar phosphate solubilization, and
phytopathogen inhibition, especially Rhizoctonia sp.

Figure 7: Endophytic bacteria 149H Paraburkolderia sp., and 135V and 348V Enterobacter tabaci isolates from the roots of Aloe
vera and functional traits expressed by these isolates. Arrows indicate that the isolate expresses the indicated trait.

Discussion
Despite the high interest in plants used for traditional medicine, little is known about the symbiotic associations of
these plants with endophytic microorganisms [23,17,77]. The present study was the first to evaluate the multifunctional
potential of bacterial strains isolated from the roots of Aloe vera.
High bacterial colonization and a high number of AMF spores were observed in the nursery. In this environment, Aloe
vera plants were associated with a wide diversity of plants. According to Silva et al. [78], AMF density can be explained by
the wide variety of vegetable species; thus, systems with high vegetation diversity present high values for this index.
The results of this study demonstrated that the characteristics of the environment affect the functional diversity of
bacterial communities. For example, 36 endophytic bacteria were isolated from the field, which has scarce vegetation,
but only one of those species (Pantoea cypripedii) was able to produce IAA and present other functional traits. From the
garden, where the specimen was closely associated with a variety of medicinal plants, 20 bacteria were isolated, of which
six strains of Enterobacter sp., Paraburkholderia sp. and Lysinibacillus macroide presented both the initial trait for IAA
production, as well as other traces evaluated. From the nursery, which is rich in arboreous and herbaceous species, a
higher number of isolates (73) were obtained, and 25 of those had functional traits, represented by the species P.
agglomerans, Enterobacter sp., E. tabaci, E. ludwigii, E. asburiae, L. nimipressuralis, B. megaterium, B. agri, L.
xylanilyticus, L. macroides, M. aerolatum, and C. taiwanense.
We identified a high number of isolates from the groups Proteobacteria and Firmicutis, followed by Actinobacteria and
Bacteroids. The predominance of these groups was also observed by Akinsanya et al. [54], who performed a metagenomic
study to identify endophytic bacteria in tissues such as the leaves, stem, and roots of Aloe vera. In our samples, we
identified bacteria that have previously been reported as growth promoters, with potential for biostimulation, biocontrol,
and biofertilization [12,26,79,80]. These bacteria belong to the genera Bacillus [81,82], Paraburkholderia [26,83], Enterobacter
[12,84], Lysinibacillus [85], Microbacterium [80] and Pantoea [86].
Some genera of the family Enterobacteriaceae are polyphyletic, including Enterobacter and Paraburkholderia, which
are currently under revision, and thus hindered the allocation of new related species using only the 16S rRNA gene
sequence. One example is the bacterium L. nimipressuralis, which was formerly classified as Enterobacter [87]. The genus
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Paraburkholderia, containing growth-promoting species, was also recently renamed. This previously belonged to the
genus Burkholderia, a group that contains opportunistic pathogens that are harmful to human and animal health [88]. The
α- and β-Proteobacteria classes are related to nitrogen fixation [1,89]. The presence of the genera Enterobacter, Pantoea,
and Paraburkholderia in the roots of Aloe vera may play an important role in nitrogen absorption in this plant.
In this study, the genus Enterobacter represented 54% of the isolates, with species demonstrating capacity for IAA
production, Bayóvar phosphate, calcium and iron solubilization, and antibiotic activity against the phytopathogens S.
sclerotiorum, Fusarium sp., and Rhizoctonia sp. Similar results were observed by Nutaratat et al. [90] with the strain
Enterobacter sp. DMKU-RP206, which showed great potential for IAA production, phosphate solubilization, ammonia and
siderophores production, and antagonism against the pathogenic rice fungi Curvularia lunata, Rhizoctonia solani, and
Fusarium moniliforme.
Members of the Firmicutes phylum produce a range of antimicrobial metabolites, enzymes, and surfactants that
promote growth and induce systemic resistance in plants [91]. Bacteria of the genus Bacillus have demonstrated
resistance to metals and can be used in phytoremediation. In addition, they produce enzymes such as cellulases,
amylases, and xylanases. Bacteria of the genus Microbacterium, belonging to the phylum Actinobacteria, have also
shown potential for the synthesis of these enzymes, and for the solubilization of phosphates [92].

Bacteriodetes, represented here by the bacterium Chryseobacterium taiwanense, have been reported to have potential
for biotechnological applications, including the production of enzymes and pigments [93-96]. The strains evaluated in this
study were able to produce amylases and the phytohormone IAA.
Auxin was produced by 32 of 129 bacteria tested, with emphasis on 135V E. tabaci, a species for which there is limited
literature. This was recently described as a new member of the genus, and isolated from the stem of a tobacco plant [97].
The levels of IAA synthesized varied between 0.3 μg mL-1 and 225.2 μg mL-1, whereby the maximum values were
significantly higher than those observed for endophytic bacteria obtained from other medicinal species such as Hyptis
marrubioides [98], Phyllanthus amarus [27], and T. polium [37].
Variations in the levels of IAA can be explained by the location of genes responsible for biosynthesis, and the locations
of these genes modulate the levels of this phytohormone. When the genes are located on chromosomal DNA, they result
in lower production; however, when they are located on the plasmid, they result in greater auxin production, as several
copies of the gene are present [99].
The relationship between phosphate solubilization and culture medium acidification was confirmed, since the
microbial solubilization of P in organic and inorganic soils is generally associated with the release of low-weight
molecular organic acids. Through hydroxyl and carboxyl groups, these chelate the cations bound to phosphate, thereby
converting it to the soluble form [100]. These organic acids may include acetate, lactate, malate, oxalate, succinate,
citrate, and gluconate [101]. Other mechanisms of P solubilization include H+ excretion and acid phosphatase
biosynthesis [102].
Gupta et al. [34] evaluated rhizospheric bacteria of Aloe barbadensis using Pseudomonas synxantha, Burkholderia
gladioli, Enterobacter hormaechei, and Serratia marcescens and observed tricalcium phosphate solubilization between
340 mg L-1 and 150 mg L-1. These levels are high, when compared with those obtained in the present study using A. vera
endophytic bacteria. We observed solubilization levels ranging from 45.7 mgL-1 to 2.1 mgL-1 for Bayóvar phosphate, 36.5
mgL-1 to 2.1 mgL-1 for Ca3(PO4)2, and 3.4 mgL-1 to 0.7 mgL-1 for FePO4. These levels indicate that solubilization is not the
main functional trait of the analyzed strains.
Another important functional trait evaluated in the present study was antibiosis to phytopathogens. The genus
Brevibacillus showed potential for the inhibition of S. sclerotiorum. This phytopathogen is a cosmopolitan necrotrophic
that attacks a range of hosts, including more than 400 plant species [103], such as Phaseolus vulgaris [104], Glycine max
[105], and Brassica napus [106]. In the present study, 3V B. agri induced 45.6% inhibition, which induced morphological
changes in phytopathogenic hyphae (Figure 5).
Mohanty et al. [107] isolated endophytic bacteria from Jatropha curcase and observed a predominance of the genus
Brevibacillus, with positive characteristics for IAA production and phosphatases, which induced the growth of maize
seedlings. In the present study, the B. agri species showed low potential for IAA synthesis and phosphate solubilization,
but significantly suppressed the phytopathogen S. sclerotiorum. In a study by Yue et al. [108], Brevibacillus inhibited the
growth of S. sclerotiorum, and the formation of sclerotia, and Joo et al. [109] confirmed the effect of rhizospheric
Brevibacillus on several species of Fusarium. Strains of this genus are considered potential candidates for biocontrol
agents, owing to antibiotics production and biofilm formation (eg, Arrigoni et al. [110]; Shaf et al. [111]; Panda et al. [112].
Brevibacillus brevi strain FJAT-0809-GLX, as evaluated by Jianmei et al. [113], inhibits the proliferation of pathogens
through the production of the antimicrobial substance ethylparaben, in addition to chitinase, with the suppression of
seven types of pathogens: Ralstonia solanacearum, Salmonella typhimurium, Escherichia coli, Fusarium oxysporum,
Aspergillus niger, Fusarium solani, and Fusarium moniliforme.
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In this context, the class Bacilli is the most representative among the bacteria capable of inhibiting the growth of
phytopathogenic fungi, consistent with many antagonist strains [23,114-117]. This is because bacteria of this class
synthesize antimicrobial substances, such as ethylparaben, and enzymes that attack the cell walls of phytopathogenic
fungi, such as chitinases [113], and lipopeptides with antifungal properties [118-120]. Thus, several studies confirmed the
potential of Bacilli as biocontrol agents and encourage their use in agriculture [113].
Conversely, the phytopathogen Fusarium sp. was inhibited to a greater extent by the bacterium 149H Paraburkholderia
sp. with 32.2% RI. Huo et al. [121] also observed the inhibitory activity of a Paraburkholderia rhizosphere isolate on root rot
fungus. However, the phytopathogen Rhizoctonia sp. was mainly inhibited by the endophytic 348V E. tabaci, with 33.7%
RI (Figure 4). As it is a recently described species, additional data is not available in the literature confirming the ability of
this bacterium to inhibit phytopathogens.
In addition to IAA synthesis, most of the strains tested (91%) expressed other functional traits of biotechnological
importance. Therefore, our fundings support the hypothesis that root endophytic bacteria from Aloe vera display
multifunctionality, and some have biotechnological potential. Some of the functional traits can act in synergism, favoring
the growth and development of the vegetable and improving the health and performance of the crop. Among the
functional traits evaluated, the indices obtained by the multifunctional 135V and 348V isolates, which are both
Enterobacter tabaci, were notable. Although this is a recently described species, Salkar et al. [122] isolated a strain of this
species with great biotechnological potential, suggesting its use in sustainable agriculture systems. Another notable
isolate in relation to the tested indices was 149H Paraburkholderia sp.; this genus contains environmental bacteria,
including promising candidates for biotechnological applications [26,123]. In vivo mechanisms for the use of this genus as
inoculants have already been evaluated and positive effects on growth and productivity have been observed (e.g.
Bernabeu et al. [26]; Rahman et al. [124]). Therefore, in this study, we have confirmed the in vitro biotechnological potential
of several endophytic strains of Aloe vera, especially 135V, 348V, and 149H. This was the first study to evaluate the root
endophytic bacterial community of Aloe vera, providing opportunities for the future use of endophytic bacteria of this
species as inoculants for the promotion of vegetal growth.

CONCLUSION
This study demonstrated the multifunctionality of endophytic root-endophytic bacteria of Aloe vera especially among
the isolates 135V and 348V Enterobacter tabaci and 149H Paraburkholderia sp., which expressed a set of functional
traits with potential application for plant growth. Future in vivo assessments should aim to confirm the potential of these
strains for use as inoculants, biofertilizers, or biological control agents of phytopathogens in order to replace chemicals
and increase crop growth, health, and productivity.
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