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Abstract
This study aimed to evaluate in vitro the plant growth promotion capacity of 
rhizospheric fungi from Opuntia cochenillifera. The isolates were submitted to 
phosphate solubilization, acetic acid-3-indole (AIA) production, antagonism against 
phytopathogens, and growth under water activity. All test results were subjected to 
statistical analysis. The studied isolates were able to solubilize phosphate, being F04 
(Aspergillus sp.) and F05 (Coprinellus radians) the ones that presented the highest 
solubilization indices. As to produce AIA, F02 (Penicillium sp.) and F07 (Aspergillus 
sp.) were the most promising. All isolates could inhibit the growth of Colletotrichum 
sp. and Fusarium sp. Water restriction provided mycelial growth for all isolates. 
Therefore, these characteristics confer characteristics as growth promoters in plants.

Resumen
El objetivo de este estudio fue evaluar in vitro la capacidad de los hongos rizosféricos 
aislados del cactus Opuntia cochenillifera para promover el crecimiento de las plan-
tas. Los aislados fueron sometidos a pruebas de solubilización de fosfato, producción 
de ácido 3-indol acético (AIA), antagonismo contra fitopatógenos y crecimiento 
bajo actividad de agua. Todos los resultados de las pruebas se sometieron a análisis 
estadístico. Los aislados estudiados fueron capaces de solubilizar fosfato, siendo 
F04 (Aspergillus sp.) y F05 (Coprinellus radians) los que presentaron los mayores 
índices de solubilización. Sobre la producción de AIA, los que más produjeron fueron 
F02 (Penicillium sp.) y F07 (Aspergillus sp.). Todos los aislados pudieron inhibir el 
crecimiento de Colletotrichum sp. e Fusarium sp.. La restricción de agua proporcionó 
el crecimiento del micelio para todos los aislados. Por lo tanto, estes aspectos les 
confieren características como promotores del crecimiento en las plantas.

Keywords: 
3-indol acetic acid; Phosphate; Water restriction; Antagonism; Fusarium; Colle-
totrichum.

Palabras clave: 
Ácido 3-indol acético; Fosfato; Restricción de agua; Antagonismo; Fusarium; Colle-
totrichum.
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Introduction
Due to its natural conditions the soil house a diver-

sity of microorganisms, which differ from each other 
through their functional characteristics, such as, the abi-
lity to provide plant growth through the production of 
hormones, and plant growth regulators (Oliveira et al. 
2012), biological control of diseases, and pests (Silva et 
al. 2015, Simi et al. 2018), and phosphate solubilization 
(Vera et al. 2002). Thus, with the intermediation of these 
characters, fungi can promote plant growth. Their role 
in increasing plant growth and yield, disease resistance, 
biotic and abiotic tolerance provides an environmentally 
friendly solution to reduce the use of hazardous pestici-
des and industrial fertilizers (Diagne et al. 2020).

Given environmental adversities, and climate change, 
studies have been developed to prospect the existence 
of microorganisms with agricultural applicability. Nas-
cimento et al. (2018) describe those extreme environ-
ments such as highly halophilic soils, and with lack of 
water availability for housed filamentous fungi in asso-
ciation with cactus.

Phosphorus is a limiting element in agriculture, 
which has generated a great deal of discussion regarding 
the use of microorganisms that solubilize this element. 
In this context microorganisms have already been des-
cribed as phosphate solubilizers in previous studies (Sil-
va et al. 2015, Silva et al. 2018). This element, in addition 
to acting directly in the mineral nutrition of cultivated 
plants, participates in their metabolic processes, being, 
therefore, a fundamental element in plant development.

Phytohormones or plant hormones are understood as 
chemical substances that in low concentrations promote 
the growth of plants, influencing their growth, develop-
ment, and cell differentiation of tissues (Spaepen et al. 
2009). They are signaling molecules that regulate many 
developmental processes in plants (Fitze et al. 2005), 
are organic compounds, which are naturally produced in 
some part of the plant, and transported along the plant, 
which ends up in specific physiological responses. Be-
cause their ability to stimulate or inhibit plant growth, 
these are also called plant growth regulators. Five main 
groups of phytohormones are recognized: auxins, gibbe-
rellins, ethylene, cytokinins, and abscisic acid (Saharan & 
Nehra 2011). These phytohormones or phytoregulators 
are also fundamental in the colonization processes of the 
root system towards symbiotic processes by microorga-
nisms (Silva et al. 2021).

The suppression of diseases by beneficial microorga-
nisms from the rhizosphere can occur through several 
mechanisms, such as: antagonism related to the produc-
tion of antifungal antibiotics, competition for space and 
nutrients with phytopathogens, and other microorga-
nisms harmful to the rhizosphere, and induction of re-
sistance in plants (Moreira & Araújo 2013). Taking into 
account the biocontrol, there are several mechanisms 
used by fungi, among which the production of metabo-
lites, and enzymes with antifungal properties, hyperpa-
rasitism, and competition for nutrients stand out (Ver-

ma et al. 2007). These characters give these organisms a 
prominent place in research related to the biocontrol of 
plant diseases caused by fungi.

Given the above, this study aimed to evaluate the ability 
of rhizospheric fungi isolated from Opuntia cochenillifera 
to promote growth in plants through phosphate solubili-
zation, production of 3-indole acetic acid, growth in water 
restriction, and antagonism against phytopathogens.

Material and Methods
Investigation place, and fungal isolates. The tests 

were carried out at the Agricultural Microbiology Labora-
tory of the Agricultural Sciences Center of the Federal Uni-
versity of Alagoas, Molecular Phytopathology Laboratory 
(CECA-UFAL), and in the Soil Laboratory of the Federal 
Institute of Education of Alagoas. The rhizospheric fungi 
were isolated from expontaneous Opuntia cochenillifera 
from municipality of Ouro Branco, State of Alagoas, Brazil 
(W: 37°24'45"S, 9°4'47.3"), in sun of 2018, collect 10 g of 
soil to 15 cm deep. The dilution was carried out to fraction 
10-3, 10-4 and 10-5 and inoculated in Petri dishes contai-
ning selective culture medium (Tortora et al. 2016). The 
rhizospheric fungal isolates were identified by sequencing 
the ITS region of rDNA and are properly deposited and 
preserved in the Agricultural Microbiology Laboratory of 
CECA-UFAL and are deposited in GenBank (Table 1). The 
plant pathogens Colletotrichum sp. and Fusarium sp. are 
properly deposited and preserved in the Molecular Phyto-
pathology Laboratory of CECA-UFAL. 

Table 1. Identification and accession number of rhizospheric fungi 
associated to cacti Opuntia cochenillifera.

Isolate Specie/Genus GenBank Acession

F02 Penicillium sp. OK210351
F04 Aspergillus sp. OK210353
F05 Coprinellus radians OK210350
F07 Aspergillus sp. OK210342
F08 Neurospora sp. OK178929
F09 Coprinellus radians OK178928
F10 Aspergillus sp. OK210345
F11 Penicillium sp. OK210326
F14 Paecilomyces sp. OK210352
F15 Penicillium sp. OK210344
F17 Paecilomyces sp. OK210347

Phosphate solubilization assay. The fungal isolates 
were previously grown in Potato Dextrose Agar (PDA) 
medium in Petri dishes for five days. Subsequently a 
mycelium disk of approximately 1 cm was removed from 
the plate and inoculated in Erlenmeyers flasks contai-
ning 100 mL of NBRIP culture medium (Nautiyal 1999), 
and incubated for 15 days in an orbital shaker under con-
tinuous rotation of 120 rpm at room temperature. Every 
five days, 1 mL of supernatant from the culture medium 
was removed from each Erlenmeyer, which was placed in 
microtubes and stored (≈6 °C) for further analysis. At the 
same time, the pH of the samples was measured at the 
same collection intervals (5, 10, and 15 days).
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After the collection, 1000 µL of each sample was cen-
trifuged at 10000 rpm for five minutes. Then 145 µL of 
the sample supernatant was transferred to new micro-
tubes, adding 570 µL of distilled water and 285 µL of 
ammonium vanadate-molybdate (5% molybdate, 0.25 
ammonium vanadate (v/v)). The samples were reserved 
for 10 minutes, and the absorbance was read under op-
tical density at 420 nm in a spectrophotometer (model 
SP-2000, Biospectro) (Malavolta et al. 1997, Silva 1999). 
The concentration of P in µg.mL-1 was determined using 
the equation y = (0.3041X2 + 0.2566X + 0.0213) x100, 
where X corresponds to the obtained absorbance va-
lues, and is interpreted values: low solubilization (< 50 
µg.mL-1), medium solubilization (50 – 100 µg.mL-1), high 
solubilization (101 – 500 µg.mL-1), and high solubiliza-
tion (>501 µg.mL-1).

The experimental design was in completely randomi-
zed blocks with four replications in a split-plot scheme 
in time, where each treatment corresponded to a fungal 
isolate. The control treatment corresponded to Erlenme-
yer containing only the culture medium without fungus. 
The data obtained were subjected to analysis of varian-
ce (F) using the Sisvar software (Ferreira 2014), and the 
means were compared using the Tukey test (p ≤ 0.05), 
and regression analysis (R²).

Quantitative production of 3-indole acetic acid 
(IAA). The rhizospheric fungal strains were previously 
grown in PDA culture medium for five days. Then 5 mm 
diameter discs containing hyphae, and spores were 
transferred to Erlenmeyers with liquid DYGS culture 
medium (glucose 2.0 g, peptone 1.5 g, yeast extract 2.0 
g, KH2PO4 7H2O 0.5 g and MgSO4 7H2O 0.5 g) (Rodriguez 
Neto et al. 1986) supplemented with 100 μg.mL-1 of L-
tryptophan.

Cultures were kept in constant orbital agitation 
(100 rpm) at 26 °C for five days. IAA production was 
evaluated using the colorimetric method described by 
Gordon and Weber (1951). A 1 mL aliquot of each su-
pernatant was transferred to test tubes, to which 2 mL 
of Salkowski reagent was added. The tubes were kept 
in the dark for 30 min (Hartmann et al. 1983). The pink 
color was indicative of the presence of phytohormone 
being quantified by reading in a spectrophotometer 
(model SP-2000, Biospectro) with optical density of 
530 nm of absorbance. The IAA concentration in the 
culture medium (y) was determined by comparison 
with a standard curve, using commercial IAA, through 
the equation y = 34.507X2+43.802X+0.843, where X 
correspond to the obtained absorbance values. Isola-
tes were classified according to Hartmann et al. (1983) 
who establish the following parameters for IAA produc-
tion: low production (<1μg.mL-1); medium production 
(1-10μg.mL-1); high production (11-50μg.mL-1), and su-
perior production (>51μg.mL-1).

The experimental design was completely randomi-
zed with five replications. The data obtained were sub-
mitted to analysis of variance (ANOVA) using the Rstudio 
software (2020) based on the R language (R Team Core, 
2013), and submitted to the Tukey test (p ≤ 0, 05).

In vitro antagonism against Fusarium sp. and Co-
lletotrichum sp. For the antagonism test against Fusa-
rium sp., and Colletotrichum sp., the rhizospheric fungal 
isolates, and the target phytopathogens were previously 
grown in PDA culture medium for five days at room tem-
perature to obtain young cultures. The paired culture 
methodology was adopted, which consists of the depo-
sition of the phytopathogen and the antagonist on the 
same Petri dish at equidistant opposite poles, providing 
a direct confrontation between the rhizospheric fungi, 
and the phytopathogen.

The control treatment consisted of inoculating only 
the phytopathogen in one pole of the plate. The plates 
were incubated for seven days at room temperature. 
After this period the evaluation was carried out, which 
consisted of measuring the radial mycelial growth of 
the pathogen (cm). The data were applied in the formu-
la: IMG% = [(⊘plate x CMP)/⊘plate]x100 (Silva et al. 
2019) where: IMG% - Percentage inhibition of mycelial 
growth; ⊘ plate - diameter of the plate used in the expe-
riment; CMP - pathogen mycelial growth.

The experimental design was completely randomi-
zed with five replications. The data obtained were sub-
mitted to analysis of variance (ANOVA) using the RStudio 
software (2020) based on the R language (R Team Core 
2013) and submitted to the Tukey test (p ≤ 0.05).

Growth under water activity. To evaluate the growth 
of rhizospheric fungal isolates in water restriction con-
ditions, PDA culture medium was placed in 90mm Petri 
dishes. To provide the different concentrations of water 
stress, 5, 10, 15, and 20% of Mannitol (v/v) was incorpo-
rated into the culture medium. The control consisted of 
the culture medium without Mannitol. The plates were 
incubated at room temperature, and evaluations perfor-
med at seven days after incubation.

The experimental design was completely randomi-
zed with five replications. The data obtained were sub-
mitted to analysis of variance (ANOVA) using the RStudio 
software (2020) based on the R language (R Team Core 
2020) and submitted to regression analysis (R²).

Results
Phosphate solubilization. Through analysis of va-

riance, differences were detected between the isolates 
(p ≤ 0.05), as well as response to regression (R² = 100). 
Thus isolates F04, and F05 were the most efficient in the 
P solubilization (Fig. 1), with better results than others. 
However, no interactions between incubation time, and 
phosphate solubilization were detected, considering that 
this characteristic is prominent in each of the isolates, 
which have different behaviours.

In this aspect, isolate F04 had the highest P concen-
trations with 121 µg.mL-1 from the fifth day of incubation, 
followed by the isolate F05 with a concentration of 100 
µg.mL-1. Phosphatase activity, responsible for the solubi-
lization of P, decreased for isolate F04 on the tenth day of 
incubation. For isolate F05, the phosphate solubilization 
stabilizes from the tenth day. The isolate F09 has a solu-
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bilization peak on the 15th day of incubation, and it can 
be considered that the phosphatase activity of this fungal 
isolate is constant and that it needs more time to obtain 
higher concentrations of P solubility. Isolates F04, and F05 
showed the higher phosphate solubilization capacity.

For the pH, most of the fungal isolates studied showed 
stability in the acidification of the medium, especially the 

isolates F07 and F08 (Fig. 2), although they presented a 
moderate rate of solubilization. In addition, isolates F04 
and F05 showed the greatest variations in terms of the 
drop in the pH of the medium throughout the experimen-
tal period (R 2 = 100), where this negatively followed the 
solubilization of P, that is, the highest solubilization rates 
were accompanied by a lower pH.

5 10 15

F02 43.32 11.1 8.75
F04 299.99 146.25 140.84
F05 269.39 146.6 141.16
F07 5.4 3.03 3.36
F08 2.87 2.82 2.95
F09 79.75 124.13 126.94
F10 3.39 3.26 6.05
F11 3.36 3.55 2.66
F14 13.96 14.67 3.1
F15 10.26 12.63 10.54
F17 11.42 12.41 10.03
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Figure 1. Phosphate solubilization for the rhizospheric fungi associated to cacti 
Opuntia cochenillifera. Table shows values of P solubilization per incubation time.

Incubation time (days)
5 10 15

F02 6 5 4.62
F04 6 5.87 5.12
F05 6 6 3.75
F07 6 6 5.74
F08 6.25 6 5.75
F09 4 4 4.5
F10 6 6 5
F11 6 6 5
F14 6 6 6
F15 6.25 6 5.75
F17 6 6 6
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Figure 2. pH of the rhizospheric fungi associated to cacti Opuntia cochenillifera. 
Table shows values of pH culture media per incubation time.
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Statistical analysis (p ≤ 0.01) showed that the hig-
hest IAA productions, characterized by colorimetric 
changes in the medium, were observed for isolates F02 
and F07, which are classified according to Hartman et 
al. (1984) as high IAA producers (Fig. 3). Also, accor-
ding to the same authors, the other isolates, although 
with lower IAA values, are classified as high producers 
of this phytohormone.

Through statistical analysis (p ≤ 0.05) it was possi-
ble to detect that the fungal isolates used presents in-
hibitory potential against the mycelial growth of Fusa-
rium sp., and Colletotrichum sp. Most isolates showed 
direct inhibition through competition for space and nu-
trients in the culture medium, as well as inhibition by 
volatile compounds, which is explained by the presence 
of inhibition of mycelial growth of the phytopathogen 
even with the slow growth of the antagonist (Fig. 4).

F02 F04 F05 F07 F08 F09 F10 F11 F14 F15 F17Control F03 F13F12

0.
0e

+0
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5.
0e
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1

Figure 3. Production Indole 3-acetic acid by rhizospheric fungi associated to cacti Opuntia cochenillifera.
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Figure 4. Inhibition of mycelial growth of Fusarium sp. (A) and Colletotrichum sp. (B) by rhizospheric fungi 
associated to cacti Opuntia cochenillifera.
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Almost all fungal isolates studied showed more than 
80% inhibitory capacity for mycelial growth of Fusarium 
sp. in the test performed. These results may be related to 
the antagonist mycelial growth rate, as well as to the ca-
pacity of production of secondary inhibitory metabolites 
by the phytopathogen.

Regarding the tests carried out with Colletotrichum sp., 
only the isolate F08 did not show antagonistic capacity 
against these phytopathogen. All other isolates showed 
inhibitory potential for mycelial growth of the studied 
phytopathogen, with a rate ranging from 75 to 82% of 
mycelial growth inhibition. In the same way as against Fu-
sarium sp. isolates F04 and F05 showed overlapping and 
mycoparasitism. The isolate F07 showed a unique charac-
teristic compared to the other strains, where it was ob-
served that it has a high spore dispersion capacity, which 
contributed to its high performance in the inhibition of the 
mycelial growth of Colletotrichum sp.

As for the mycelial kinetics of the fungal isolates submit-
ted to water stress, it was possible to observe that the majo-
rity presented tolerant behavior up to the concentration of 
10% of mannitol (p ≤ 0.05). The isolates F07, F08, F09, and 
F10 were the most tolerant in the study, where they showed 
mycelial growth at all concentrations studied.

Regression analysis showed that the mycelial growth 
of all strains fit the cubic model (R²=99.60; y = 0.001939x 
+ 0.0004939x² + 4.41x³ + 0). This fact is due to the de-
crease in mycelial kinetics due to the increase in the con-
centration of mannitol in the medium (Fig. 5).

F02 F04 F05 F07 F08 F09 F10 F11 F14 F15 F17

0% 2.49 7 5.09 4.67 2.51 8.47 3.88 5.13 9 9 6.36

5% 1.3 6.51 4.7 2.23 3.38 6.56 1.51 2.8 9 5.1 9

10% 0.45 0.99 3.83 1.51 2.51 6.56 1.5 0.56 9 0.83 9

15% 0 0.99 0 1.5 1.84 3.44 0.99 0.2 0.7 0 0.73

20% 0 0 0 1.5 1.7 1.2 0.64 0 0 0 0
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Figure 5. Mycelial growth of rhizospheric fungi associated to cacti in function of water 
activity Opuntia cochenillifera.

Discussion
Thus, all fungi of this study showed phosphate solu-

bilization capacity in the NBRIP culture medium, ranging 
from 10 to 141 µg.mL-1 (≈). Similar results have already 
been described in the literature, as demonstrated by Oli-
veira et al. (2012) when studying the solubilization of 
phosphate by different strains of Trichoderma sp., where 
the authors reports that such fungi presented mycelial 
growth and variable P concentration values using the 
same culture medium.

About the amount of solubilized P as a function of 
the incubation time, Montaldo (2016) reports that this 
characteristic is one of the most important regarding the 
screening of microorganisms to produce inoculants, as it 
provides constancy in the solubilization of this element. 
Furthermore, the ability to solubilize phosphates is re-
lated to the production of organic acids, as reported by 
Zaidi et al. (2009) and Zhang et al. (2018).

According to Oliveira et al. (2012) the solubilization of 
P continues to increase even with the decrease in the pH of 
the culture medium, which occurs due to the release of so-
luble acids, which are responsible for the solubilization of 
P. Thus, it is suggested that the acidification of the medium 
does not is a rule regarding the solubilization of phospha-
te, which makes it a desirable characteristic regarding the 
soil-plant-environment-fungus relationships.

Bakri (2019) in studies with Aspergillus niger for 
phosphate solubilization highlights that the P solubiliza-
tion process, through the source of this nutrient in the 
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medium, provides the release of organic acids. These, 
in turn, grant the fungus the ability to adapt to environ-
ments that have abiotic stress, for example, soils with 
high acidification. This characteristic makes the study 
of these microorganisms and their interactions with soil 
and plant even more important.

According to Rawat et al. (2020) the selection of a 
potent phosphate solubilizing microorganism with mul-
tifunctional characteristics to promote plant growth is 
extremely important for the development of commercial 
biofertilizers with longer shelf life. Thus, the data pre-
sented here are of biotechnological relevance as a sub-
sidy for the development of bioproducts for application 
in crops.

According to Spaepen et al. (2007) there are nume-
rous environmental and chemical factors that can model 
the rate of IAA production/biosynthesis by microorga-
nisms, including pH, carbon source, and aeration. Fur-
thermore, it is important to prospect for new promising 
organisms for the development of inoculant formula-
tions, especially with characteristics that allow them to 
act in the physiological processes of plants, promoting 
their growth.

Munasinghe et al. (2017) reports the IAA biosynthe-
sis of the endophytic fungus Colletotrichum siamense, 
they detected the antioxidant property of IAA. Still, infer 
that this hormone is considered the main auxin of plants, 
having as a precursor the amino acid tryptophan contro-
lling many important physiological processes, including 
cell enlargement and division, tissue differentiation and 
responses to light. The production of hormones by fun-
gal endophytes could play an essential role in the growth 
and development of the host plant (Turbat et al 2020).

Fu et al. (2015) state that the IAA acts in the exchan-
ge of signals between species distantly positioned in the 
tree of life, thus, according to the authors, this phenome-
non suggests the existence of a widely developed struc-
ture in eukaryotes and prokaryotes, allowing produc-
tion, transfer, and signal perception. Thus, it is possible 
to affirm the existence of co-evolution between microbial 
species producing IAA and plant species, with both par-
ties benefiting.

Turaeva et al. (2020) state that the production of in-
dole acetic acid by A. niger presents variations in its con-
centrations over the days and also as a function of the 
carbon source, which is related to its metabolic proces-
ses, since most of the biochemical processes Microbials 
are related to their secondary metabolism.

Patel et al. (2021) investigating the association bet-
ween Penicillium sp. in association with bean plants re-
port that the fungus has growth-promoting capacities, 
such as IAA production, which also indicates to be rela-
ted to the production of siderophores.

Lubna et al. (2018) point out that the endophytic fun-
gus A. niger shows growth-promoting capacities under 
in vitro conditions, such as the production of IAA. The 
authors state that the interaction of this fungus with 

plants stimulates the production of endogenous plant 
hormones, as well as the activation of secondary meta-
bolites. Thus, a beneficial interaction with the ability to 
induce systemic resistance is attributed.

Is important to emphasize the importance of 
knowledge about the beneficial microorganisms that 
inhabit the rhizosphere of cultivated or not cultivated 
plants, especially those located in more extreme and de-
graded environments, as is the case of the fungal isolates 
studied here. This knowledge fosters subsidies for biote-
chnological processes for agricultural development.

In this sense, Yuniati and Rollando (2018), studying 
an endophytic strain of Fusarium, detected the presence 
of volatile organic compounds capable of inhibiting the 
growth of phytopathogenic bacteria. Furthermore, it is 
important to mention that this phytopathogenic fungus 
genus has a strong pigmentation in the culture medium, 
which is indicative of the production of volatile and non-
volatile compounds, which can influence the mycelial 
growth of the antagonist candidate. 

Silva et al. (2017) report that the antagonist mycelial 
growth rate is one of the main characteristics to be de-
sired when it comes to the selection of promising stra-
ins in the antagonism of phytopathogens. Medeiros et 
al. (2020) studying the in vitro antagonism of Fusarium 
oxysporum by Trichoderma sp., report the existence of 
parasitism, which is the ability of a filamentous fungus 
to penetrate the hyphae and mycelium of the phyto-
pathogen, a behavior also observed in the present study, 
especially the isolates F04 and F05, as well as mycelial 
overlap.

It should be observed that most studies related to an-
tibiosis of phytopathogens by the use of antagonist fungi 
is directed to the genus Trichoderma. In this sense, it is 
important to apply other species, as demonstrated by 
Brandão (2017), who detected the antagonistic capaci-
ty of the fungus Paecilomyces lilacinus in the biological 
control of Bipolaris orizae. Wicklow and Wilson (1990), 
studying the survival of Aspergillus flavus sclerotia in the 
soil, observed the fungal species that colonized those 
structures, which makes it indicative of the mycoparasite 
ability.

The antagonistic activity exerted by the same fungus 
(isolate) on more than one phytopathogen of a given cul-
ture and, preferably, on phytopathogens from different 
cultures is a very desirable characteristic for potential 
antagonists, especially in terms of the commercialization 
of these microorganisms as biological products (Suárez-
Estrella et al. 2013), because of the need for biotechnolo-
gical development of bioformulations for biological con-
trol of pests and diseases.

The data contribute to the selection of strains that, 
by tolerating water stress, and to plant development by 
adapting to the most extreme environments in terms of 
water availability. Thus, it is to be expected that the stra-
ins maintain in vitro the same characteristics observed 
in the environment from which they were isolated, that 
is, an area undergoing a desertification process, absent 
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from cultural treatments, and with an exponential in-
crease in salt index. Moreira et al. (2020) state that in 
saline soils, inoculation with microorganisms tends to 
mitigate the effects of NaCl gradients.

Water stress is considered a limiting factor in the ce-
llular structure and metabolism of the plant, especially 
in its initial phase (Lüttge 2007; Yang et al. 2021), where 
its metabolic processes are in constant activity and sen-
sitive to the environment. Thus, the reduction in water 
content causes changes in physiological and biochemical 
processes, such as changes in cell turbidity, decrease in 
cell division, decrease in protein synthesis, stomata clo-
sure, changes in photosynthesis rates, translocation of 
nutrients, absorption of ions, increased accumulation 
of reactive oxygen species (Jaleel et al. 2009; Santos et 
al. 2022). Thus, the inoculation of plants with microbial 
species tolerant to this type of stress provides better de-
velopment and productivity (Laranjeira et al. 20201).

The fungal isolates of this study can solubilize 
phosphate with low interference of the pH of the me-
dium, produce auxins, develop under water restriction, 
and inhibit the growth of phytopathogens.

Literature cited
Bakri MM. 2019. Tri-Calcium and Zinc Phosphates Solubiliza-

tion by Aspergillus niger and Its Relation to Organic 
Acids Production. Bionanoscience. 9 (2): 238-244. 
https://doi.org/10.1007/s12668-019-0604-1

Brandão DFR. 2017. Isolamento de micro-organismos anta-
gonistas de solo para o controle de Bipolaris oryzae, 
agente causal da mancha parda em arroz. Master dee-
gree Dissertarion. Universidade de São Paulo, College 
of Agronomy. https://doi.org/10.11606/D.11.2018.
tde-15052018-150256

Castro GSA, Bogiani JC, Silva MG, Rosolem CA. 2008. Tratamento 
de sementes de soja com inseticidas e um bioestimulan-
te. Pesq. Agropec. Bras. 43 (10): 1311-1318.  https://
doi.org/10.1590/S0100-204X2008001000008

Diagne N, Ngom M, Djighaly PI, Fall D, Hocher V, Svistoonoff S. 
2020. Roles of Arbuscular Mycorrhizal Fungi on Plant 
Growth and Performance: Importance in Biotic and 
Abiotic Stressed Regulation. Diversity. 12 (10): 370. 
https://doi.org/10.3390/d12100370

Ferreira DF. 2014. Sisvar: a Guide for its Bootstrap proce-
dures in multiple comparisons. Ciênc. Agrotec. 38 
(2): 109-112. https://doi.org/10.1590/S1413-
70542014000200001

Fu S-F, Wei J-Y, Chen H-W, et al. 2015. Indole-3-acetic acid: A 
widespread physiological code in interactions of fun-
gi with other organisms. Plant Signal. Behav. 10 (8). 
https://doi.org/10.1080/15592324.2015.1048052

Jaleel CA, Manivannan P, Wahid A, et al. 2009. Drought Stress 
in Plants: A Review on Morphological Characteristics 
and Pigments Composition. Int. J. Agric. Biol. 11 (1): 
100-105.

Laranjeira S, Fernandes-Silva A, Reis S, Torcato C, Raimun-
do F, Ferreira L, Carnide V, Marques G. 2021. Ino-
culation of plant growth promoting bacteria and 
arbuscular mycorrhizal fungi improve chickpea per-
formance under water deficit conditions. Appl.Soil 
Ecol. 164 (8): 103927. https://doi.org/10.1016/j.ap-
soil.2021.103927

Lubna SA, Hamayun M, Gul H, et al. 2018. Aspergillus niger CSR3 
regulates plant endogenous hormones and secondary 
metabolites by producing gibberellins and indoleace-
tic acid. J Plant Interac. 13 (1): 100-111. https://doi.or
g/10.1080/17429145.2018.1436199

Lüttge U. 2007. Physiological ecology of tropical plants. 1st edn. 
Berlin: Springer.

Malavolta E, Vitti GC, Oliveira SA. 1997. Avaliação do estado 
nutricional das plantas: princípios e aplicações. Pira-
cicaba: Potafós.

Medeiros MS, Almeira SMC, Carnaúba JP, et al. 2020 Antago-
nismo in vitro de Fusarium oxysporum por cepas de 
Trichoderma spp. Cadernos de Agroecologia 15 (2): 
Anais do XI Congresso Brasileiro de Agroecologia 
[Seção CBA - Manejo de Agroecossistemas de Base 
Ecológica], São Cristóvão, Sergipe.

Montaldo YC. 2016. Bioprospecção e isolamento de bactérias 
associadas à cana-de-açúcar (Saccharum officinarum 
L.) com características para a promoção de cresci-
mento vegetal. Doctoral Thesis, Institute of Chemistry 
and Biochemistry, Universidade Federal de Alagoas. 
http://www.repositorio.ufal.br/handle/riufal/1817

Moreira H, Pereira SIA, Vega A, Castro PML, Marques APGC. 
2020. Synergistic effects of arbuscular mycorrhizal 
fungi and plant growth-promoting bacteria benefit 
maize growth under increasing soil salinity. J. Environ. 
Manage. 257 (3): 109982. https://doi.org/10.1016/j.
jenvman.2019.109982

Munasinghe VKM, Savitri Kumar N, Jayasinghe L, et al. 2017. 
Indole-3-Acetic Acid Production by Colletotrichum 
siamense, An Endophytic Fungus from Piper nigrum 
Leaves. Journal of Biologically Act. Prod. Nature. 7 (6): 
475-479. https://doi.org/10.1080/22311866.2017.1
408429

Nascimento SPG, Silva JM, Silva PVM, et al. 2018. Impactos am-
bientais da produção vegetal no processo de deserti-
ficação do semiárido alagoano: o caso de Ouro Branco 
- AL. Rev. Ciênc. Agríc. 16 (sup): 31-35. https://doi.
org/10.28998/rca.v16i0.6592

Nautiyal CS. 1999. An efficient microbiological growth medium 
for screening phosphate solubilizing microorganisms. 
FEMS Microbiol. Lett. 170 (1): 265-270. https://doi.
org/10.1111/j.1574-6968.1999.tb13383.x

Oliveira AG, Chagas Junior AF, Santos GR, et al. 2012. Potencial 
de solubilização de fosfato e produção de AIA por Tri-
choderma spp. Revista Verde de Agroecologia e Des-
envolvimento Sustentável 7 (3): 149-155.

Patel S, Parekh V, Patel K, et al. 2021. Plant Growth-promoting 
Activities of Penicillium sp. NAUSF2 Ameliorate Vigna 
radiata Salinity Stress in Phosphate-deficient Saline 
Soil. Appl. Biochem. Microbiol. 57: 500-507. https://
doi.org/10.1134/S000368382104013X

Rawat P, Das S, Shankhdhar D, et al. 2020. Phosphate-Solubi-
lizing Microorganisms: Mechanism and Their Role in 
Phosphate Solubilization and Uptake. J. Soil Sci. Plant 
Nutr. 21: 49-68. https://doi.org/10.1007/s42729-
020-00342-7

R Core Team. 2020. R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL  https://www.R-project.org/

RStudio Team. 2020. RStudio: Integrated Development for R. 
RStudio, PBC, Boston, MA. URL http://www.rstudio.
com/



In vitro bioprospecting of rhizospheric fungi associated to Opuntia cochenillifera

Revista peruana de biología 29(2): e22125 (Mayo 2022) 009 / 010

Santos TB, Ribas AF, de Souza SGH, Budzinski IGF, Domingues 
DS. 2022. Physiological Responses to Drought, Salini-
ty, and Heat Stress in Plants: A Review. Stresses 2 (1): 
113-135. https://doi.org/10.3390/stresses2010009

Silva CS, Tenório FA, Silva JM, et al. 2018. Solubilização de fos-
fatos inorgânicos por bactérias endofíticas isoladas 
de maracujá amarelo (Passiflora edulis Sims f. flavi-
carpa). Revista Craibeiras de Agroecologia. v. 1 n. 1 
(2018): XVII Encontro Regional de Agroeocologia do 
Nordeste.

Silva FC. 1999. Manual de análises químicas de solos, plantas e 
fertilizantes. Brasília, DF: Embrapa Informação Tecno-
lógica. 627pp.

Silva, JM, Montaldo YC, de Almeida, ACPS, Dalbon VA, Aceve-
do JPM, dos Santos TMC, de Andrade Lima GS. 2021. 
Rhizospheric Fungi to Plant Growth Promotion: A 
review. J. Agric. Stud. 9 (1): 411-425. https://doi.
org/10.5296/jas.v9i1.18321

Silva JM, Nascimento MS, Cristo CCN, et al. 2019. Antagonismo 
de Thielaviopsis paradoxa e Fusarium oxysporum por 
fungos rizosféricos associados à cactáceas do semiári-
do alagoano e eficiência de duas técnicas de avaliação. 
Global Science and Technology 12(1):197-206.

Silva JM, Santos TMC, Albuquerque LS, et al. 2015. Potential of 
the endophytic bacteria (Herbaspirillum spp. and Ba-
cillus spp.) to promote sugarcane growth. Australian 
Journal of Crop Science 9 (8): 754-760.

Simi LD, Leite LG, Trevisan O, et al. 2018. Mortality of Conotra-
chelus humeropictus in response to combined appli-
cation of the nematode Steinernema brazilense and 
the fungus Beauveria bassiana. Arqu. Inst. Biol. 85: 
1-9. https://doi.org/10.1590/1808-1657000092016

Spaepen S, Vanderleyden J, Remans R. 2007. Indole-3-acetic 
acid in microbial and microorganism-plant signa-
ling. FEMS Microbiol. Rev. 31: 425-448. https://doi.
org/10.1111/j.1574-6976.2007.00072.x

Suárez-Estrella F, Arcos-Nievas MA, López MJ, et al. 2013. Bio-
logical control of plant pathogens by microorganisms 
isolated from agro-industrial composts. Biol. Control 
67 (3): 509-515. https://doi.org/10.1016/j.biocon-
trol.2013.10.008

Taiz L, Zeiger E, Moller I, et al. 2017. Fisiologia e desenvolvi-
mento vegetal. 6nd edn. Porto Alegre: Artmed.

Tortora GJ, Funke BR, Case Cl. Microbiologia. 2016. 12th edn. 
Porto Alegre: Artmed.

Turaeva B, Soliev A, Eshboev FA, et al. (2020). The use of three 
fungal strains in producing of indole-3-acetic acid and 
gibberelllic acid. Plant Cell Biotechnology and Molecu-
lar Biology 21 (35-36): 32-43.

Turbat A, Rakk D, Vigneshwari A, Kocsubé S, Thu H, Szepesi Á, 
Bakacsy L., et al. 2020. Characterization of the Plant 
Growth-Promoting Activities of Endophytic Fungi 
Isolated from Sophora flavescens. Microorganisms 
8 (5): 683. https://doi.org/10.3390/microorga-
nisms8050683

Vera DF, Pérez H, Valencia H. 2002. Aislamiento de hongos solu-
bilizadores de fosfatos de la rizósfera de Arazá (Euge-
nia stipitata, Myrtaceae). Acta Biológica Colombiana 7 
(1): 33-40.

Wicklow DT, Wilson DM. 1990. Paecilomyces lilacinus, a colo-
nist of Aspergillus flavus sclerotia buried in soil in Illi-
nois and Georgia. Mycologia 82 (3): 393-395. https://
doi.org/10.1080/00275514.1990.12025898

Yang X, Lu M, Wang Y, Wang Y, Liu Z, Chen S. 2021. Response 
Mechanism of Plants to Drought Stress. Horticultu-
rae 7 (3): 50. https://doi.org/10.3390/horticultu-
rae7030050

Yuniati Y, Rollando R. 2018. Isolation of antibacterial com-
pounds from endophyte fungal of Fusarium sp. in Phy-
llanthus niruri linn. leaves. J Pharm. Sci. Res. 10 (2): 
260-264.

Zaidi A, Khan MS, Ahemad M, et al. 2009. Recent advances in 
plant growth promotion by phosphate-solubilizing mi-
crobes. In: M. Khan, A. Zaidi & J. Musarrat, eds. Micro-
bial Strategies for Crop Improvement. Springer, Berlin, 
Heidelberg, pp. 23. https://doi.org/10.1007/978-3-
642-01979-1_2

Zhang Y, Chen FS, Wu XQ, Luan FG, Zhang LP, Fang SM, Wan SZ, 
Hu XF, Ye JR. 2018. Isolation and characterization of 
two phosphate-solubilizing fungi from rhizosphe-
re soil of moso bamboo and their functional capaci-
ties when exposed to different phosphorus sources 
and pH environments. PLOS ONE 13 (7): e0199625. 
https://doi.org/10.1371/journal.pone.0199625

Agradecimientos / Acknowledgments:
The authors are grateful to the Coordination for the Improvement 
of Higher Education Personnel (CAPES) for the financial support 
for carrying out the research.  

Conflicto de intereses / Competing interests:
The authors declare no conflict of interest.

Rol de los autores / Authors Roles: 
JMS: Data curation, Research, Writing-revision and editing, 
Writing-Preparation of the original draft.
PCVS: Research.
VAD: Research, Resources, Writing-Preparation of the original 
draft.
RTRM: Resources, Conceptualization.
TMCS: Conceptualization, Methodology, Supervision, Project 
Management.
GSAL: Supervision, Acquisition of funds, Resources.

Fuentes de financiamiento / Funding: 
Funded by the Coordination for the Improvement of Higher 
Education Personnel (CAPES). DS Regulation Notice CAPES N° 
88882.452202/2019-01.

Aspectos éticos / legales; Ethics / legals: 
Permission to collect soil samples was requested from the Secre-
tary of Agriculture of the Municipality of Ouro Branco, Alagoas, 
Brazil. Authors declare that they did not violate or omit ethical 
or legal norms in this research.



010 / 010

Silva et al.

  

Página en banco

Blank page


