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Abstract 
 
Endophytic bacteria has been reported as plant growth promoters in various cultivated and uncultivated plants. Thus, the objective 
onf this study was to evaluate the potential of 21 endophytic bacterial isolated from leaves of passionfruit plants (Passiflora edulis 
Sims f. flavicarpa). In vitro antagonism, indole-3-acetic acid (IAA) production, gibberellins, cytokines and phosphate solubilization 
were also tested. In vitro antagonism was investigated using volatile metabolites detection by means of the overlapping dishes 
technique and direct confrontation. The production of IAA was evaluated by means of the colorimetric method with the 
absorbance reading of the optical density at O.D. (550nm). The phosphate solubilization was measured in a qualitative method by 
reading the solubilization halo diameter and the quantitative evaluation in liquid medium and reading of O.D. (450 nm). All 
bacterial isolates were able to inhibit the growth of Phytophthora sp. in both methods with values ranging from 50% to >90% 
inhibition (Skott-Knott, p ≤0 0.05). All the tested endophytic bacteria were also able to produce plant hormones. The phosphate 
solubilization was more than mean of the liquid medium. Thus, the studied endophytic bacterial isolates are suggested as potential 
plant growth promoters. 
 
Keywords: Phosphate solubilization, indole-3-acetic acid, volatile metabolites, Bacillus, giberelins, cytokines, biological control. 
Abbreviations: IAA_indole-3-acetic acid; OD_optical density; PDA_Potato Dextrose Agar; MGI%_Mycelial Growth Inhibition; 
TSB_Triptone Soy Both; CFU_Colonies Forming Units; NBRIP_National Botanical Research Institute’s Phosphate Growth Medium; 
rpm_rotarion per minute; ANOVA_Analysis of Variance. 
 
Introduction 
 
Agriculture is an activity that requires constant development 
and increase for the purpose of improving productivity to 
reduce the use of agrochemicals, chemical fertilizers and 
other products that are likely to degrade the environment or 
even reduce costs with the use of inputs. Thus, studies have 
been developed using microorganisms with capability of 
promoting plant growth such as endophytic bacteria. 
Plant-growth-promoting endophytic bacteria have been 
reported as hosts in various agricultural crops and not 
cultivated plants, living in symbiosis with plants such as 
passionfruit (Passiflora edulis) (Santos et al., 2017), 
sugarcane (Saccharum officinarum L.) (Silva et al., 2015), 
(Manihot esculenta Crantz) (Leite et al., 2018), elephant 
grass (Pennisetum purpureum Schumach) (Li et al., 2016), 

among others. These studies strengthen the recognition of 
these as important agents in agriculture. 
There are various applications for these microorganisms 
becuase they have various capabilities such as phosphorus 
solubilization (Otenio et al., 2015; Silva et al., 2018) and 
plant hormones production (Silva et al., 2015). Thus, they 
can be used as biotechnological resources to increase 
agricultural production. 
Phosphorus (P) is one of the macronutrients essential for the 
growth and development of plants due to its performance in 
biological processes, such as energy metabolism (Rocha et 
al., 2007). In most endophytic bacteria, the production of 
auxins, ethylene and cytokinins can increase water and 
nutrient uptake as well as the suppression of deleterious 
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microorganisms which are responsible for promoting plant 
growth (Mariano et al., 2004). 
Based on the above information, the objective of this study 
was to evaluate the potential of endophytic bacteria isolated 
from passionfruit (P. edulis Sims f. flavicarpa) to promote 
plant growth through its functionalities. 
 
Results and Discussion 
 
In vitro antagonism of Phytophthora sp. 
 
All the studied endophytic bacterial isolates were able to 
inhibit the mycelial growth of phytopathogen Phytophthora 
sp., as evidenced by in vitro antagonism tests. They 
exhibited more than 50% inhibition in the direct antagonism 
test and 80% in the presence of volatile metabolites (Table 
1). 
Bacteria of the Bacillus genera have been studied as 
antagonists of several etiological agents with agricultural 
importance (Silva et al., 2018). They were applied as 
extracellular filters and evidenced the existence of bioactive 
compounds. Therefore, they showed direct action to control 
Xantomonas campestres pv. Campestris. Silva et al. (2015) 
reported that  endophytic bacteria of the Bacillus and 
Herbaspirillun genera are capable of controlling Curvularia 
inaequalis in direct application. Amorim and Melo (2002) 
observed inhibition of mycelial growth of P. parasitica and P. 
citrophthora uisng Bacillus subtilis 0G and B. subtilis RC2 by 
52% in in vitro tests. It is believed that the mechanisms of 
action of these bacteria in controlling phytopathogens is 
related to the production of toxic compounds responsible 
for the antagonistic action and siderophores, which causes 
competition for Fe (Amorim and Melo, 2002). 
 
Plant hormones production 
 
All isolates were able to synthesize IAA in the presence of L-
Tryptophan. The highest amounts of IAA were observed at 
the end of 84 hours for the isolates BPE10 and BPE12 (11.24 
and 10.93 μg.mL-1, respectively) classified as medium 
producers (Table 2). 
Previous studies have reported the production of this 
hormone, as described by Ashraf et al. (2011) who observed 
the potential of IAA production in rhizospheric bacteria 
associated with sugarcane, reaching maximum IAA 
production of 4.49 μg.mL-1. 
The IAA is considered as most important plant hormone 
among the auxins, functioning inside the cells as an 
important signal molecule responsible for cell expansion, 
division and differentiation, and regulation of genes. It 
improves the root architecture, stimulates root growth and 
number of root hairs and confers better nutrient and water 
absorption capacity to plants (Santoyo et al., 2016). 
Production of this hormone by microorganisms assists better 
development of plants, especially at unfavorable or stress 
conditions. 
Out of all the studied isolates, 47.62% increase the weight of 
cotyledons. Cytokinins participate in the regulation of many 
plant processes, including cell division, foliar senescence, 
nutrient mobilization, apical dominance, apical meristem 
formation and activity, floral development, seed germination 
and gem dormancy breaking. In plants, cytokinins are 

synthesized in the roots, developing embryos, young leaves 
and fruits. They can also be synthesized by bacteria, insects 
and nematodes associated with plants (Table 2). 
 
Phosphate solubilization 
 
For in vitro phosphate solubilization, 11 out of the 21 
endophytic bacterial isolates were able to produce 
solubilization halo at 15 days of incubation. Therefore, they 
were considered as potential solubilizers of phosphates. The 
BPE02 isolate was the most efficient in solubilizing 
phosphate differing from all other isolates studied (p ≤ 0.05). 
In addition, the BPE02 isolate presented exponential 
solubilization index, which is evidenced by observing the 
levels in each evaluation interval (Table 3). 
Some isolates may be able to solubilize phosphate, but 
usually not under in vitro conditions in solid culture medium. 
The physical state of the culture medium and agitation may 
be factors influencing these results. According to Delvasto et 
al. (2006), the solid medium diffusion coefficient of the acids 
produced by the bacteria is different according to the acid 
produced and with culture medium. So, in liquid medium 
this problem does not exist, making the measurements more 
accurate. For this reason, all phosphate solubilization 
evaluations were quantitatively carried out in liquid NBRIP 
medium. 
The bacterial isolates were the only statistically significant 
factors (p ≤ 0.05) in solubilization of inorganic phosphate in 
liquid medium NBRIP, where no effect for incubation time or 
interaction was detected. Table 4 shows the results of the 
quantitative analysis in μg.mL-1, where the solubilization of P 
remained constant in the evaluated period for all 
endophytes isolates. The average of soluble phosphorus at 
the end of the trial ranged from 29.87 to 178.68 μg.mL-1. The 
highest concentrations of solubilized P were found in 
isolates BPE02 and BPE09 (178.68 and 128.49 μg.mL-1, 
respectively). 
Comparison of results between liquid medium (quantitative 
method) and solid (semi-quantitative) proved 
underestimation of the actual solubilization by the latter in 
some cases, whereas the isolates that did not solubilize in 
solid medium were able to fulfil in liquid medium. Similar 
results are described in previous studies by Nautiyal (1999) 
who observed that bacterial isolates with low solubilization 
capacity in solid medium were able to present significantly, 
when inoculated in liquid medium. Thus, the evaluation of 
phosphate solubilization is considered to be more effective 
when carried out in liquid culture medium. 
 
Materials and Methods 
 
Bacterial isolates 
 
Twenty-one bacterial isolates from leaves of passionfruit 
plants were used. The isolates were identified and deposited 
in the collection of microorganisms of the Laboratory of 
Microbiology of the Federal University of Alagoas, belonging 
to the genus Bacillus. 
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Table 1. In vitro mycelial growth inihibition index of Phytophtera sp. by endophytic bacteria isolated from passionfruit plants (P. 
edulis Sims f. flavicarpa) by means of direct confrontation and volatile metabolites.  

Bacterial isolate Micelial growth inihibition (%)* 

 
Direct antagonism Volatile metabolites 

BPE01 49.22 a 92.74 a 
BPE02 55.30 a 85.14 b 
BPE03 49.77 a 85.62 b 
BPE04 36.48 b 89.85 a 
BPE05 57.14 a 91.96 a 
BPE06 51.88 a 86.85 b 
BPE07 54.33 a 93.25 a 
BPE08 54.92 a 91.66 a 
BPE09 52.37 a 89.96 a 
BPE10 54.22 a 83.81 b 
BPE11 44.48 b 90.40 a 
BPE12 44.18 b 86.18 b 
BPE13 42.44 b 90.48 a 
BPE14 51.11 a 84.85 b 
BPE15 44.96 b 87.48 b 
BPE16 45.59 b 89.11 a 
BPE17 44.70 b 79.11 b 
BPE18 57.48 a 93.37 a 
BPE19 56.29 a 92.96 a 
BPE20 49.35 a 86.81 b 
BPE21 54.33 a 93.96 a 

                                              *Means followed by the same letter do not differ statistically (Skott-Knott p ≤ 0.05). 

 
Table 2.  Acid-3-indole acetic (IAA) production and giberelins and cytokins (showed by increase of cotyledons weight) by endophytic 
bacteria.  

Bacterial isolate IAA production Cotyledons weight (mg) 

BPE01 2.22 d* 0.016 b 
BPE02 5.10 c 0.019 a 
BPE03 4.82 c 0.022 a 
BPE04 5.08 c 0.017 b 
BPE05 4.12 c 0.019 a 
BPE06 5.52 d 0.021 a 
BPE07 7.30 b 0.022 a 
BPE08 5.11 c 0.019 b 
BPE09 7.16 b 0.022 a 
BPE10 11.24 a 0.019 a 
BPE11 6.62 b 0.020 a 
BPE12 10.93 a 0.016 b 
BPE13 5.62 c 0.018 b 
BPE14 8.54 b 0.016 b 
BPE15 1.83 d 0.017 b 
BPE16 1.83 d 0.020 a 
BPE17 2.12 d 0.018 b 
BPE18 6.46 b 0.018 b 
BPE19 6.31 b 0.019 a 
BPE20 1.86 d 0.019 a 
BPE21 3.44 d 0.018 b 

                                                           *Means followed by the same letter do not differ statistically (Skott-Knott p ≤ 0.05). 
 
Table 3. Efficiency of phosphate solubilization in NBRIP solid culture medium indicated by solubilization index (SI%) after 5, 10 and 
15 days of incubation.  

Bacterial Isolates 
Incubation time (Days)* 

5 10 15 

BPE02 2.99 aA 2.99 aA 3.11 aA 
BPE03 0.61 bA 0.61 cA 0.61 cA 
BPE06 1.59 bA 1.51 cA 1.28 cA 
BPE07 0.83 bA 0.83 cA 0.83 cA 
BPE08 1.77 bA 1.94 bA 1.89 bA 
BPE09 1.45 bA 1.82 bA 1.87 bA 
BPE12 1.16 bA 1.16 cA 1.16 cA 
BPE14 1.64 bA 1.70 bA 1.80 bA 
BPE19 1.06 bA 0.98 cA 0.98 cA 
BPE20 0.50 bB 1.50 cA 1.50 cA 
BPE21 1.18 bA 1.16 cA 1.16 cA 

*Columns: lowercase letters. Lines: uppercase letters. Means followed by the same letter do not differ statistically from each other (Scott-Knott ≤ 0.05). 

 



1372 
 

 
Table 4. Phosphate solubilization by endophytic bacteria after fifteen days of culture in liquid NBRIP media. 

Bacterial isolate P solubilized (μg.mL-¹)* 

BPE01 59.68 f 
BPE02 178.68 a 
BPE03 66.24 e 
BPE04 63.72 e 
BPE05 45.10 g 
BPE06 71.32 d 
BPE07 50.55 g 
BPE08 31.83 h 
BPE09 128.49 b 
BPE10 55.94 f 
BPE11 35.94 h 
BPE12 75.40 d 
BPE13 29.87 h 
BPE14 76.90 d 
BPE15 68.16 e 
BPE16 61.23 f 
BPE17 56.64 f 
BPE18 93.05 d 
BPE19 58.80 f 
BPE20 82.40 d 
BPE21 77.10 d 

*Means followed by the same letter do not differ statistically (Scott-Knott ≤ 0.05). 

 
 
Antagonism assay 
 
The antagonism test was performed against Phytophthora 
sp., the etiological agent of various diseases in cultivated 
plants, well-known to cause rot base in the passionfruit. For 
in vitro antagonism test, the direct confrontation method 
was used on Petri dishes containing PDA (Potato Dextrose 
Agar) culture medium. In PDA medium, each bacterial isolate 
was paired with the Phytophthora sp., in 0.5 cm diameter 
disks containing medium and mycelium of the pathogen, 
with 1 distance cm from the edge of the Petri dish. At the 
oposite side, bacterial isolates were placed by multiple 
sowing technique. The control treatment consisted of the 
inoculation of Phytophthora sp. only. The dishes were 
incubated at room temperature for five days. The 
evaluations were carried out by measuring the diameter of 
the colony of the fungus, with the aid of a digital 
pachymeter. The mycelial growth inihibition (MGI%) of 
Phytophthora sp. in relation to control was performed using 
the following formula: 
 
%MGI = C – 𝑇/C x 100 
 
Where;  
%MGI = Percent of mycelial growth inihibition;  
C = micelial growth os control;  
T = mycelial growth of the treatment. 
To evaluate the presence of volatile metabolites, PDA 
medium was poured into two Petri dishes covers, whereas 
the pathogen inoculated at the top and the antagonist at the 
bottom. To prevent loss of alleged volatile compounds, each 
plate was sealed with plastic wrap and placed for incubation 
at room temperature for five days. 
 
Plant hormones production 
 
The evaluation of the indole-3-acetic acid (IAA) production 
was carried out by qualitative and quantitative colorimetric 
methods. Test tubes with 10 mL of Triptone Soy Both culture 

medium (TSB) (10%) supplemented with 5 mM L-tryptophan 
were inoculated in triplicate with 100μL of bacterial 
inoculum (108 CFU.mL-1 (O.D. 550nm = 0.1)). Cultures were 
conditioned at 28 °C in the dark under constant agitation 
(150 rpm) for 24 hours. Soon after, they were centrifuged at 
10,000 rpm for 10 minutes to obtain the supernatant. 
The amount of IAA per ml of culture was estimated by 
mixing 750 μl of the Salkowski reagent (7.9 mol.L-1 of H2SO4 
and 12g FeCl3) with 750 μL of the supernatant, incubated for 
30 minutes in the dark, followed by reading the O.D. at 550 
nm in a spectrophotometer (model SP-22). The positive 
result was demonstrated by the formation of the rose color. 
The IAA concentration in the culture medium (y) was 
determined by comparison with a standard curve, using 
commercial IAA, by the equation: y = 34.507x2 + 43.802x + 
0.843, where x equals the absorbance values obtained. 
Isolates were classified according to Hartmann et al. (1983), 
which sets the following parameters for the production of 
IAA: low production (<1 μg.mL-1); average production (1-10 
μg.mL-1); high production (11-50 μg.mL-1) and high 
production (>51 μg.mL-1). 
Determination of gibberellins and cytokinins were 
performed by the adapted bioassay, allowing detection of 
cytokinins and gibberellins simultaneously. Cucumber 
cotyledons and hypocotyls were placed in Petri dishes with 
filter paper sterile from the inoculum of each isolate with 
the ribs facing down along with 5mm of hypocotyls. The 
inoculum consisted of 1mL of each isolate. Sterilized nutrient 
broth was used for the control treatment. The treatments 
were incubated at room temperature under continuous 
light. After three days, the cotyledons and hypocotyls were 
dried with absorbent paper, weighed and measured on an 
analytical balance where the weight was compared to that 
of the control. 
 
Phosphate solubilization 
 
The phosphate solubilization was carried out in two 
methods, one qualitative and one quantitative. For the 
qualitative evaluation, the isolates were evaluated in solid 
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NBRIP medium supplemented with 1.5% agar (Nautiyal, 
1999). Measurements were made on the 5th, 10th and 15th 
day after inoculation, where the translucent halo formed by 
colonies. 
The solubilization index (SI) was classified according to the 
obtained indices (SI less than 2 is equal to low solubilization; 
SI between 2 and 3 is equal to average solubilization; SI 
greater than 3 is equal to a high solubilization) (Silva Filho 
and Vidor, 2000). 
Quantitative analysis of P-Ca solubilization was performed in 
test tubes containing 10mL of NBRIP liquid medium and 
inoculated in triplicate with 100μL of bacterial inoculum (108 
CFU.mL-1 (O.D. 550 = 0.1)). The control consisted of tubes 
with 10 mL of NBRIP medium without inoculum. 
All tubes were incubated for 15 days at 28 °C with shaking at 
180 rpm. After the incubation time, 1000 μL of each sample 
was transferred to 1.5 mL microtubes, which were 
centrifuged at 10,000 rpm for 5 minutes. Then, to 145 μL of 
each sample, 570 μL of distilled water and 285 μL of 
ammonium molybdate-vanadate reagent (5% ammonium 
molybdate and 0.25% ammonium vanadate, 1:1 (v/v)) were 
added. 
To obtain the standard curve, a stock solution of KH2PO4 
(0.0875%) (0.1 mg P.mL-1) was prepared, from which 
aliquots of 1 mL to 10 mL were mixed with 2.5 mL of the 
amonium molybdate-vanadate reagent for a final volume of 
50 mL. After 10 minutes of reagent addition, the samples 
were read in a spectrophotometer at 420 nm. For the 
negative control in spectrophotometer (model UV-1601 PC, 
Shimadzu), the solution was used without inoculum, 
constituted of 145 μL of the NBRIP medium, added of 570 μL 
of distilled water and 285 μL of the ammonium molybdate-
vanadate reagent.  
The experiments were performed in triplicate and the 
positive result was evidenced by the formation of yellow 
coloration. The results obtained in absorbance (values of x) 
were converted to the concentration of P (μg.mL-1) (y) by the 
equation: y = (0.3041x2+0.2566x+0.0213)*1000. The isolates 
were classified according to the following indices: Absence 
of solubilization (-); low solubilization (<50 μg.mL-1); medium 
solubilization (50-100 μg.mL-1); high solubilization (101-500 
μg.mL-1) and high solubilization (>501 μg.mL-1). 
 
Statistical analysis 
 
The experimental design of the antagonism and hormone 
production trials was a completely randomized design. The 
phosphate solubilization assays were delineated in fully 
causalized and arranged split-plots time design. The data 
collected were submitted to analysis of variance (ANOVA) 
using the software Sisvar (Ferreira, 2014). 
 
Conclusions 
 
Endophytic isolates of Bacillus retrieve from passion fruit 
plants are able to inhibit the mycelial growth of Phytophtora 
sp. acting as bio-controller of phytopathogens, producing 
plant hormones such as auxins (IAA), cytokinins and 
gibberellins and solubilize phosphate, which characterize 
them as plant growth promoters bacteria with applicability 
in agricultural production. 
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