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ABSTRACT: The aim of this study was to evaluate the controlling effect of Bacillus spp. on Fusarium oxysporum f. sp. cubense
(Foc) activity under greenhouse conditions. Two experiments were set up, with the first consisting of one Bacillus application
on the substrate, with Foc addition seven days later; two Bacillus applications at a seven-day interval on the substrate and Foc
application seven days after the last Bacillus application; and Bacillus applied to the substrate at the same time as Foc. After
14 days of incubation of the substrate infested with Foc and Bacillus, banana seedlings of the Prata-Ana cultivar were planted
in tubes. In the second experiment, the application interval was the same as the pre-inoculation experiment, but with Fusarium
inoculated first and then transferring bacteria to the substrate. The results of both experiments demonstrated that the Bacillus
spp. application after the Fusarium installation, with and without time interval, proved to be the best biocontrol of this disease in
Prata-Ana plants.
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Biocontrole de Fusarium oxysporum f. sp. cubense mediado por Bacillus spp.
em banana Prata-ana

RESUMO: O objetivo desse estudo foi avaliar o efeito do controle de Bacillus spp. sobre a atividade do Fusarium oxysporum
f. sp. cubense (Foc) em casa de vegetagdo. Dois experimentos foram organizados. O primeiro experimento consistiu na
aplicacao de Bacillus no substrato, com adi¢do de Foc sete dias ap6s; duas aplica¢des de Bacillus em intervalo de sete dias no
substrato e aplicacdo de Foc sete dias apds a Ultima aplicagao de Bacillus; Bacillus aplicado no substrato no mesmo momento
que o Foc. Apos 14 dias de incubacao do substrato infestado por Foc e Bacillus, realizou-se o plantio das mudas de banana
da cultivar Prata And em tubetes. No segundo experimento, o intervalo de aplicagdes foram os mesmos do experimento de
pré-inoculagao, porém o Fusarium foi inoculado no substrato da bactéria. Os resultados dos experimentos evidenciaram que
a aplicagao de Bacillus spp., apds a instala¢do do Fusarium, com e sem intervalo de tempo, mostrou-se o melhor biocontrole
dessa doenga em plantas de Prata-Ana.

Palavras-chave: controle bioldgico; murcha de Fusarium; rizobactérias
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Introduction

Banana production is emphasized as an activity of great
economic and social importance, cultivated in an extensive
tropical region all over the world and, generally, by small
producers. Banana production occupies the first position
in the fruit world ranking. In the last census held, the world
banana production was about 114 million tons, cultivated on
a large scale by India, China, Indonesia and Brazil. The latter
country, Brazil, ranks fourth as a global banana producer and
produced approximately 6.67 million tons in 465 thousand
hectares of cultivated area in 2017 (FAO, 2019), generating a
Gross Production Value (VBP) close to 7.9 billion of reals (IBGE,
2019). The banana production has an extremely relevant social
role for the country, fixing man in the field and generating jobs
and income mainly for family farming, thus reinforcing the fruit
importance for the Brazilian agribusiness (Borges et al., 2009).

Despite great advances in cultivation techniques, many
diseases limit the banana production, with the Fusarium wilt
as one of the most destructive diseases in this crop, caused
by the fungus Fusarium oxysporum f. sp. cubense (Foc). This
disease has a major destructive potential, and is able to result
in losses of up to 100% in production, thus it is characterized
as one of the most relevant phytosanitary problems on the
banana production worldwide (Ploetz, 2015). The fungus
species responsible for the disease includes a wide diversity
of strains responsible for wilting or rot in many plant species
(Lecomte et al., 2016). In Brazil, race 1 (Foc 1) causes serious
damage in the main banana-producing regions and especially
in cultivars from the “Prata” subgroup, such as the Prata-An3,
Prata Catarina and Prata Gorutuba, which altogether occupy
more than 60% of the country cultivation area. In addition
to this subgroup, the Silk type (cv. Macad) is also susceptible
to the Foc 1 race and, therefore, is becoming rare in local
markets (Rebougas et al., 2018).

This pathology is endemic for all banana-producing regions
in the world, and it has a complex controlling, as fungicides
are not effective. Using resistant cultivars sets precedents
for the emergence of new pathogen races, which classifies
it, in terms of relevance to the banana production, in similar
condition to the yellow and black Sigatoka leaf spots (Borges
et al., 2009). The emergence of new races is one of the major
global concerns among the banana producers, and as an
example there is a new Foc variant, the tropical race 4 (Foc
TR4), that led to the widespread destruction of plantations
in Cavendish-producing areas all over the world, especially
in China, Australia, Indonesia, Malaysia and the Philippines
(Ploetz, 2015).

One of the great difficulties in controlling fungus is related
to its survival structure, known as chlamydospores, which
can remain in the soil with no host for several years. Once
the pathogen is established on the soil, new plantations must
be grown in disease-free areas so that it is possible to keep
the banana production in a given region (Ploetz, 2015). This
widespread loss of both production and arable land in the
banana cultivation signalizes an urgent need in developing
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innovative and sustainable disease-prevention strategies
for banana plantations, for both the current and future
ones (Fu et al.,, 2017). Controlling measures such as using
resistant cultivars (Gongalves et al., 2019), fungicides and soil
fumigation (Nel et al., 2007), as well as crop rotation (Wang
et al., 2015) have been employed. However, biological control
appears as a new, highly promising, strategy for controlling
Foc, mainly due to its advantages in relation to the safety and
conservation of the environment (Huang et al., 2019).

Biological control consists in purposely using living
organisms that can be resident or introduced into disease-
host plants, having the suppression of the activities and
populations of one or more plant pathogens as the objective.
Rhizobacteria responsible for promoting the plant growth
have been used for controlling plant pathogens and increasing
the banana yield (Haddad et al., 2018).

The genus Bacillus spp. has stood out as phytopathogenic
antagonist bacteria due to the formation of endospores and
the variety of antagonistic mechanisms, allowing for both
long-term support and survival in peculiar ecological niches,
with great diversity regarding the action mechanisms for
‘deceiving’ the phytopathogens defenses.

Bacillus are able to efficiently compete for nutrients in
the soil, increasing their microbial mass, releasing of various
antimicrobial substances, root colonization and the strains
ability in using nutrients for their own growth, thus affecting
the Foc development (Fu et al. , 2017; Huang et al., 2019;
Palyzova et al., 2019). It is noteworthy that the amount and
composition of the root exudates produced by plants vary
depending on the species, cultivar, age of individual plants,
and on the external abiotic and biotic factors (Haichar et al.,
2014).

To that end, the present study objective was to evaluate
the bacterium-controlling capacity of the genus Bacillus
in relation to the activity of the Fusarium oxysporum f. sp.
cubense race 1 in the Prata-Ana cultivar, part from the ‘Prata’
subgroup.

Materials and Methods

The experiment was conducted under greenhouse
conditions, from January 2016 to May of the same year, at
Embrapa Cassava and Fruits located in Cruz das Almas, Ba
(12240°19” S and 39206’22” W, altitude of 220 m above the
sea). For producing the inoculum of Fusarium oxysporum
sp. cubense race 1, the CNPMF-0801 isolate, which is the
standard used by Embrapa for selecting resistant genotypes
both under greenhouse and field conditions, was used
alongside the isolates of the genus Bacillus pre-selected for
biological control assays, re-established in Petri dishes, both
from the fungi collection of laboratories owned by Embrapa
itself. The monosporic culture obtained was grown in nutrient
agar and kept in a growth chamber at 25 °C with a 12-hour
photoperiod.

In order to prepare the Foc inoculum, 1330 g of washed
sand, 250 g of moist cornmeal and 150 mL of distilled water
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were all mixed. This resulting substrate was then placed in
500-cm? polypropylene bags and sterilized in an autoclave at
120 °Cfor one hour. Disks from the culture medium containing
mycelia and Foc conidia were added to the mixture, which was
incubated in a growth chamber at 25 C for 20 days for the
inoculum multiplication. After this period, Foc colony-forming
units (CFU) were accounted by using the serial dilution
technique. 1 g from the mixture was used and placed in a test
tube with 9 mL of distilled water and, subsequently, dilutions
of 10, 102, 103, 10* and 10° were performed. The last two
dilutions (10* and 10°) were subjected to multiplication in
Petri dishes containing a BDA medium. The plates were kept
in a growth chamber at 25 °C for 48 hours for later counting
the colony-forming units number.

The Bacillus spp. isolates were thus removed from the
Petri dishes with the aid of a Drigalski loop and transferred
to a Becker containing distilled water. After this procedure,
1.0 mL of this solution was transferred to test tubes for
serial dilutions (10?, 102, 103, 10* and 107%). Afterwards,
a 0.1 mL aliquot from the last two dilutions (10* and 10
%) was transferred to Petri dishes containing nutrient agar,
kept in a growth chamber at 37 °C for 48 hours with a 12-
hour photoperiod for counting the colony-forming units
(CFU), an adapted methodology of Reboucas et al. (2018).
After determining the initial concentration of each bacterial
suspension, they were diluted in distilled water until reaching
a concentration of 107 CFU mL®. The absorbance reading,
where the recommended for suspension of bacterial or yeast
cells is in the range from 540 to 640 nm, was performed by
optical density in the spectrophotometer of the Microbiology
Laboratory from Embrapa Cassava and Fruits.

For evaluating the effect of Bacillus in controlling Fusarium
oxysporum f. sp. cubense (Foc) in banana plants of the
Prata-Ana cultivar, previously isolated in a safe environment
free from attack of pests and diseases, the experimental
design used was the completely randomized (CRD), under
greenhouse conditions, having three treatments with three
controls and 10 replicates (one plant per experimental unit).
We selected the Prata-Ana cultivar due to its importance for
the Brazilian banana production, having this cultivar as the
most widely grown in the Northeast region, the second-largest

banana producer in Brazil (IBGE, 2019). Moreover, this cultivar
behaves as a moderately susceptible material in relation to the
Fusarium oxysporum f. sp. cubense (Foc), and thus, because of
this, finding solutions to inhibit the action of the pathogen is
of utmost importance for the banana production.

The experimental study was set up in two fronts, where
the first experiment comprised the following: T1- one Bacillus
application on the substrate, adding Foc seven days later; T2-
two Bacillus applications on the substrate (the first on day one
and the second seven days later) and Foc application seven
days after the second Bacillus application; T3- Bacillus and Foc
simultaneously applied on the substrate. The control groups
were composed of substrate infestation only with Bacillus
(C1), only with Foc (C2) and no substrate inoculation (C3).
After 14 days of incubation of the substrate inoculated with
Foc and Bacillus, the banana seedlings were planted in tubes.

In the second experiment, the application interval was the
same as in the pre-inoculation experiment, but this time the
Fusarium was inoculated first and the bacteria was applied to
the substrate later. The following treatments were applied:
T1- one Foc application on the substrate, adding Bacillus seven
days later; T2- two Foc applications on the substrate (the first
on day one and the second after seven days) and Bacillus
application seven days after the second Foc application; T3-
Foc and Bacillus simultaneously applied on the substrate.
The control groups were composed of substrate infestation
only with Bacillus (C1), only with Foc (C2) and no substrate
inoculation (C3), as Table 1 also illustrates.

Six evaluations were performed at intervals of 15 days,
with the first external evaluation held at 15 days after
planting, employing the grading scale proposed by Cordeiro
et al. (2016), totaling 90 evaluation days. Plants were kept in
the greenhouse with temperature of approximately 26 °C. The
following variables were evaluated: number of leaves; plant
height (cm), measured from the pseudostem base to the last
fully open leaf; pseudostem diameter (cm), measured with
the aid of a caliper; and finally, the disease severity index (ID
%) was calculated.

Measurements associated with internal symptoms at the
end of 90 days were performed from the cross section of the
rhizome for analyzing the vascular discoloration caused by the

Table 1. Distribution of the different treatments applied on the substrate with the Prata-Ana cultivar. Embrapa, 2016.

*Experiment 1 (using Bacillus before applying Foc); **Experiment 2 (applying Foc before applying Bacillus); Control (C); Treatment (T).
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Foc presence. Based on the scale proposed by Cordeiro et al.
(2016) and cited by Gongalves et al. (2019), the plants received
the following notes: (1) absence of vascular discoloration,
healthy plant; (2) isolated discoloration spots in the vascular
cambium; (3) discoloration in 1/3 of the vascular cambium; (4)
discoloration between 1/3 and 2/3 of the vascular cambium;
(5) discoloration over 2/3 of the vascular cambium; and (6)
complete discoloration of the vascular cambium. Afterwards,
the disease severity index (ID) was transformed by Mckinney
expression (1923) — Equation 1.

ID:Z(

As for the statistical analysis, the disease severity index
(ID) was estimated from the scale of external and internal
symptoms, respectively, obtained through three replicates
(two composed by data from three plants and another one
composed by four plants ). The data obtained were subjected
to analysis of variance (ANOVA) and the means were
compared with the Tukey test, at the level of 5% probability,
using the SISVAR statistical program (Ferreira, 2011). The
disease severity index data were transformed into Vx + 0.5.

(scale degree x frequency)

- - x100 (1)
total no. of units x maximum scale degree)

Results and Discussion

There were significant differences for the source of
variation between the ‘treatments’ (Table 2). The height,
pseudostem diameter and number of leaves of the plants
submitted to the three treatments and three controls,
referring to the first experiment in which Bacillus was applied
before Foc, show different results both among variables and
between treatments and controls.

Analyzing only the plant height between treatments
variable, it is evident that treatment T2 (two Bacillus
applications on the substrate and Foc application seven
days later) stood out. It is noteworthy that this greenhouse
experiment differs from methods aimed at field experiments,
not striving for plants with smaller heights, as recommended
by the literature, but for greater efficiencies among treatments
in inhibiting and/or controlling the Foc.

As for the number of leaves of the plant and the
pseudostem diameter in experiment 1, only the T1 treatment
differed from the others, having a lower value than them,
where ranging from 1.90 (T1) to 4.60 (T3) for number of

leaves and from 0.40 cm (T1) to 1.08 cm (T2) for pseudostem
diameter (Table 2). However, regarding the disease index, the
T1 treatment, in which Bacillus and Foc were inoculated with
a time interval, demonstrated a higher value, indicating that
one Bacillus application was not efficient in controlling the
disease. A sufficient Bacillus colonization in the rhizosphere
is considered a key point in exhibiting the beneficial effects
caused by the bacteria (Yuan et al., 2018).

Regarding the control, there were no significant differences
among C1, C2 and C3 on the number of leaves and pseudostem
diameter variables, which was not expected, since plants
with an incidence or severity of Fusarium wilt tend to have
lower numbers of leaves and a more fragile and reduced
pseudostem (Cavatte et al., 2012; Gongalves et al., 2019). The
study of the number of leaves and the pseudostem diameter
are directly related to the production, as the number of live
leaves has a positive relation with the fruit weight gain, since a
greater photosynthetic efficiency will help in a greater weight
production of the bunch. The pseudostem diameter, on the
other hand, is related to its tipping and breaking caused by
the wind action, thus providing greater vigor and resistance
in sustaining the bunch, with plants with greater sustaining
capacity tending in supporting a larger bunch, minimizing the
banana growers losses and justifying these two variables in
our study (Cavatte et al., 2012).

The treatments T2 of experiment 1 (two Bacillus
applications of and one of Foc) and T3 (Bacillus and Foc
application with no time interval) had the lowest disease
rates, showing that, in these cases, Bacillus is able to inhibit
Foc development, with these two treatments as the most
efficient in inhibiting the Foc growth. These results suggest
that the Bacillus application on the soil, before planting the
banana seedlings, can decrease the inoculum amount in the
soil and prevent the disease, impeding Foc from spreading.
Studies point out that the action of Bacillus on Fusarium is
related to the amount of the antagonist in the rhizosphere
region, which ensures that it competes with the pathogen
more effectively (Palyzova et al., 2019).

Most strains need to penetrate effectively, host and
establish endophytic associations so that they can play a better
role in the biological control, so the strategic endophytes
application before transplantation or invasion of pathogens
increases the biocontrol capacity (Su et al., 2017).

Studies conducted with Fusarium oxysporum f. sp. radicis-
lycopersici (Forl ) in tomato plants indicated that treatments

Table 2. Test of means between three agronomic characteristics and disease severity index (ID) in the Prata-Ana cultivar infested
by Bacillus and later by Fusarium oxysporum f. sp. cubense (Foc) under controlled environment conditions. Embrapa, 2016.

T1 - Bacillus + Foc with interval; T2 — Bacillus + Bacillus + Foc with interval; T3 — Bacillus + Foc with no interval; C1 — Only Bacillus; C2 — Only Foc; C3 — No infestation. *Means followed
by the same lowercase letter, in the column, do not differ from each other by the Tukey test at 5% probability. ‘Data from non-transformed original ID.
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Figure 1. External and internal symptoms of Fusarium wilt, with Bacillus previously applied to Fusarium oxysporum f. sp.
cubense in the Prata-Ana cultivar. T1- one Bacillus application on the substrate, with the Foc addition seven days later; T2- two
Bacillus applications on the substrate (the first on day one and the second seven days later) and Foc application seven days after
the second Bacillus application; T3- Bacillus and Foc applied simultaneously to the substrate. The controls were composed by
infestation of the substrate only with Bacillus (C1), only with Foc (C2) and with no inoculation on the substrate (C3). After an
incubation period of 14 days of the substrate inoculated by Foc e Bacillus.

with single applications of the biocontrol agent at the sowing
time, regardless of the dose, did not provide high control of
the disease, possibly due to the decline of the developing
bacterial population on the root surface (Samaras et al.,
2018), which may have occurred in the present study.

In experiment 2, in which Bacillus was applied after
Fusarium when analyzing the plant height variable, the T2
treatment stands out with a value greater than 28.0 cm,
thus demonstrating that the double Foc application on the
substrate did not hinder the plant growth and that applying
Bacillus after Foc proved to be more efficient under these
conditions. Regarding the controls, none of them stood out
(Table 3). Even with the presence of the disease or with only
Bacillus, the plants had an equal growth. As for the number
of leaves, the treatments T1, T2 and T3 did not differ, in other
words, the application of Foc with Bacillus once or twice, with
or without interval, did not interfere in the results. The Foc-
only control (C2) had a lower value when compared to the
others regarding the number of leaves variable, indicating that
the fungus had a negative effect on it and its development in
the Prata-Ana cultivar.

For the parameter pseudostem diameter, there is no
significant difference between treatments and controls,
thus stating that Foc does not influence the pseudostem

thickness variable, at least not in the plant early life stages
(Table 3).

T1 and T3 treatments, with Bacillus application with
and without time interval, effectively controlled the
Fusarium pathogen having a zero ID. Studies indicate that
the phenolics secretion of root, such as the ortho-phthalic
acid, salicylic acid and cinnamic acid, was increased in Foc-
infected banana seedlings. Through the exudation of a
wide variety of compounds, the roots can regulate the soil
microbial community (Haichar et al., 2014). Organic acids
with low molecular weight are important components in
root exudates, as signals or nutrients, released in the few
millimeters of soil around the root. These phenolic acids
present in banana root exudates can enhance the roots
colonization ability of Bacillus amyloluguefaciens NJN-6 , as
well as its ability in suppressing Fusarium (Yuan et al., 2018).
However, it is noteworthy that when Fusarium was applied
twice on the substrate, thus increasing its concentration in
the medium, the subsequent Bacillus application was not
efficient in controlling the disease, resulting in a higher
disease rate. This indicates that in soils too infested with Foc,
the possibility of increasing the Bacillus application, before
planting banana, would be the most viable control, serving
as a method of preventing the Foc advance in certain areas

Table 3. Test of means with three agronomic characteristics and the disease severity index (ID) in the Prata-Ana cultivar infested
by Fusarium oxysporum f. sp. cubense (Foc) and then by Bacillus under controlled environment conditions. Embrapa 2016.

T1 - Bacillus + Foc with interval; T2 — Foc + Foc + Bacillus with interval; T3 — Foc + Bacillus with no interval; C1 — Only Bacillus; C2 — Only Foc; C3 — No infestation. *Means followed by
the same lowercase letter, in the column, do not differ from each other by the Tukey test at 5% probability. *Data from non-transformed original ID.
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Figure 2. External and internal symptoms of the Panama disease, from the second experiment after evaluating the interaction
Fusarium oxysporum f. sp. cubense and Bacillus in the Prata-Ana cultivar. T1- one Foc application on the substrate, with the Bacillus
application seven days later; T2- two Foc applications on the substrate (the first on day one and the second seven days later) and
Bacillus application seven days after the second Foc application; T3- Foc and Bacillus applied simultaneously to the substrate. The
controls were composed of infestation of the substrate with only Bacillus (C1), only Foc (C2) and no inoculation (C3).

of banana plantations, mainly those considered as more
susceptible to the attack of this fungal disease.

The progressive yellowing of the older leaves and reddish-
brown punctuation in the pseudostem, most often due to the
oxidation of phenols in the T2 treatment plants and in the C2
control, demonstrated the disease severity degree, was not
visible in other treatments (Figure 2). According to Cordeiro et
al. (2016), Foc infection causes a progressive yellowing from
the older leaves to the younger ones, starting from the leaf
blade edges to the main vein, with subsequent leaf wilting
and breaking next to the pseudostem, a behavior that was not
observed in this study.

These results are determined by Bacillus acting, in an
antagonistic way, directly against phytopathogens, which
comprises antibiosis mechanisms, where one organism harms
the other, such as the following: production of antimicrobial
substances, formation of volatile compounds, as well as the
competition for nutrients and space (Palyzova et al., 2019;
Huangetal., 2019). Focaccumulation resultsin the segregation
of toxins that attack the banana tree roots, spreading to the
pseudostem and leaves, thus resulting in the Fusarium wilt.
The banana tree growth is closely related to the rhizosphere
biodiversity (Fu et al., 2017).

Bacillus can compete for nutrients in the soil, thus
affecting the chlamydospore development of the pathogen
(Huang et al., 2019) and competing with it in the root
infection sites, in addition to triggering the plant defense
reactions, inducing the systemic resistance or the acquired
defense (Gang et al., 2013). However, previous studies point
out that the increase in microbial biomass is favorable to
the development of the fungus general suppression and,
consequently, of the disease. This is due to the increased
competition for resources and interactions that reduce
the infecting and establishing abilities of soil pathogens
(Fu et al., 2017). Therefore, it is important to study the
ideal amount of antagonistic bacteria so that there is an
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important effect on the fungus suppression, as verified in
the present study. Hence, new studies with new applications
of Bacillus spp. can be conducted, but having the seedling
planted at the same time that the treatments are applied, or
by adding the formulations before planting, but emphasizing
that treatments applied as soon as the Foc infects the soil
further reduces the disease rate. The application of Bacillus
spp., after Fusarium setting up, with and without a time
interval, proved to be the best treatment as a biocontrol of
the Fusarium wilt in Prata-Ana banana plants.

Bacillus amyloliquefaciens is famous for biocontrolling
soil-borne diseases and its main involved mechanisms
are antibiosis, competition, growth promotion and
induction of systemic resistance. However, the effects of
Bacillus spp. that were desired were not observed in many
field application situations. It is known that plant root
exudates secrete a wide variety of compounds to mediate
interactions between microorganisms in the rhizosphere
(Haichar et al., 2014). Alteration of the compounds in the
banana root exudates with Foc infection may further induce
the further biofilm formation on Bacillus spp. strains,
as well as inducing the genes involved in the bacterium
antibiotics production (Yuan et al., 2018). This occurred
in all treatments of experiment 2, because Foc. when
inoculated first than Bacillus spp. induces the production
of these compounds as soon as it comes in contact with the
banana tree roots.

It is worth nothing that these treatments must be
performed in field or in infested areas in order to be validated.
However, prior to this, a new evaluation is indicated as to the
ideal dosage of Bacillus application for controlling Foc in the
soil and/or the substrate, mindful of which banana cultivar
is grown in the area and which is pathogen concentration
in this same location. Moreover, more profound studies are
necessary for evaluating the technical feasibility of the field
treatments.
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Conclusions

Using Bacillus spp. is favorable to the biological control of
Fusarium wilt in the Prata-And banana cultivar.

Applying Bacillus spp. after setting Fusarium up, with and
without time interval, proved to be the best biocontrol for this
disease in Prata-And banana plants.

The used concentration of Bacillus spp. was not effective
in inhibiting a high Fusarium concentration.
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