Foliar spraying with bacterial biocontrol agents
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Abstract — The objective of this work was to evaluate the effect of foliar spraying with bacterial biocontrol
agents (BBAs) on the control of common bacterial blight (CBB) of bean, and on the induction of systemic
resistance in bean plants. CBB control by BBAs was evaluated by spraying bean leaves 48 and 24 hours
before and after pathogen inoculation (BPI and API, respectively), with: DFs93, Bacillus cereus; DFs513,
Pseudomonas veronii; DFs769, B. cereus; the COl combination, DFs93 + DFs769 + DFs831 (Pseudomonas
fluorescens); the C03 combination, DFs348 (Bacillus sp.) + DFs769 + DFs831; and water (control). Systemic
effects were analyzed after spraying DFs513, DFs769, C03, and water 72 and 48 hours BPI. Phaseolin
production induced by DFs348, DFs513, DFs769, DFs831, and water was also assessed. DFs513, DFs769,
and CO03 significantly reduced disease incidence (area under disease progress curve), regardless of spraying
time and disease severity when sprayed 72 and 48 hours BPI. The DFs769 and DFs831 isolates induced
the accumulation of phytoalexin (phaseolin). Therefore, DFs513, DFs769, and C03 show potential for the
biocontrol of CBB when applied preventively on bean leaves, besides inducing systemic resistance.

Index terms: Phaseolus vulgaris, Xanthomonas axonopodis pv. phaseoli, biological control, induced systemic
resistance (ISR), methods of application, phylloplane.

Pulverizagao foliar com agentes bacterianos de biocontrole
para controle do crestamento bacteriano comum do feijoeiro

Resumo — O objetivo deste trabalho foi avaliar o efeito da pulverizagdo foliar de agentes bacterianos de
biocontrole (ABB) no controle do crestamento bacteriano comum do feijoeiro (CBC) e na indugdo de
resisténcia sistémica em plantas de feijao. O controle do CBC por ABB foi avaliado por meio da pulverizagéo,
em folhas de feijoeiro, 48 e 24 horas antes e depois da inoculagdo do patdogeno (AIP e DIP, respectivamente),
de: DFs93, Bacillus cereus; DFs513, Pseudomonas veronii; DFs769, B. cereus; combinagdo C01, DFs93 +
DFs769 + DFs831 (Pseudomonas fluorescens), combina¢ao C03, DFs348 (Bacillus sp.) + DFs769 + DFs831;
e agua destilada (testemunha). Os efeitos sistémicos foram analisados apds pulverizagdo de DFs513, DFs769,
CO03 e agua 48 e 72 horas AIP. Também foi avaliada a produgdo de faseolina induzida por DFs348, DFs513,
DFs769, DFs831 e agua. DFs513, DFs769 ¢ C03 reduziram significativamente a incidéncia da doenga (area
abaixo da curva de progresso da doenca), independentemente do momento da aplicagdo e da severidade
da doenga quando pulverizados 48 e 72 horas AIP. Os isolados DFs769 e DFs831 induziram o acumulo de
fitoalexina (faseolina). Portanto, DFs513, DFs769 e C03 apresentam potencial para o biocontrole do CBC
quando pulverizados preventivamente em folhas de feijdo, além de atuarem como indutores de resisténcia.

Termos para indexacdo: Phaseolus vulgaris, Xanthomonas axonopodis pv. phaseoli, controle bioldgico,
resisténcia sist€émica induzida (ISR), métodos de aplicacao, filoplano.

Introduction

Common bacterial blight, caused by Xanthomonas
axonopodis pv. phaseoli (Smith) (Xap), is considered
one of the most important diseases of the common
bean (Phaseolus vulgaris L.) crop and the main one
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among the bacterial group (Bianchini et al., 2005). In
Brazil, there are no estimates on the caused losses;
however, damage between 22 and 36% has been
reported in Canada (Gillard et al., 2009; Boersma
et al., 2015). The control of common bacterial blight
is based on preventive measures (Moura et al., 2009)
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since chemical control has low efficiency (Bianchini
et al., 2005) and most Brazilian commercial cultivars
are susceptible to the disease. Therefore, it is necessary
to search for alternative and efficient control methods
with lower environmental impact, among which stand
out biocontrol agents. Several authors have reported
the biological control of bacterial diseases caused by
Xanthomonas spp. (Naue et al., 2014; Halfeld-Vieira
et al., 2015; Singh & Siddiqui, 2015), including the
selection of biocontroller bacteria against Xap (Zanatta
et al., 2007; Silva et al., 2009).

Biological control involves different action
mechanisms, such as antibiosis, parasitism,
competition, and induction of resistance (Jamalizadeh
et al., 2011). Bacterial biocontrol agents, particularly
Bacillus and Pseudomonas, are known for their
efficiency and diversity in producing antibiotics
responsible for the effective control of various diseases
(Khabbaz et al., 2015); these two genera also harbor
systemic resistance-inducing species (Akram et al.,
2015; Planchamp et al., 2015). The diverse modes
of action of the bacterial biocontrol agents attract
attention to their preventive and curative uses, inducing
resistance and acting by antibiosis, respectively.

Another strategy for improving biocontrol
performance is combining the use of microorganisms.
The advantage is the cumulative effect of biocontrol
mechanisms, antagonizing the pathogen with different
modes of action. Better results are expected when
biocontrol agents are combined, since this may broaden
the spectrum of action against different pathogens and
in distinct cultivars of the same host, increasing their
biocontrol effect (Jacobsen et al., 2004).

In most studies on biocontrol, the bacterial biocontrol
agents are delivered in plants via the microbiolization
of seeds (Corréa et al., 2014; Figueredo et al., 2014;
Planchamp et al., 2015); however, leaf spraying has been
seldom used for this purpose. The foliar application of
bacterial biocontrol agents could improve the control of
common bacterial blight of bean. This is the prospect
of some bacterial biocontrol agents that control Xap,
selected for the treatment of bean seeds (Zanatta et al.,
2007), which could increase the levels of compounds
related to resistance (Silva et al., 2009), showing broad-
spectrum effects (Corréa et al., 2014). However, there
is no information available about the behavior of these
bacteria when used in foliar spraying.
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The objective of this work was to evaluate the
effect of foliar spraying with bacterial biocontrol
agents (BBAs) on the control of common bacterial
blight (CBB) of bean, and on the induction of systemic
resistance in bean plants.

Materials and Methods

Three experiments were conducted to evaluate
the control of CBB of bean by BBAs, applied on
common bean (Phaseolus vulgaris L.) plants of the
BRS Valente cultivar. The first was used to assess the
effect of spraying BBAs on leaves at different times,
before and after Xap inoculation, on the control of
CBB; the second, the induction of systemic effects;
and the third, the induction of phaseolin production.
The first and second experiments were performed
twice. A completely randomized design was used for
all experiments, besides a factorial arrangement for
the first and second ones (BBAs x time of pathogen
inoculation), with six replicates in the first experiment,
seven in the second, and four in the third.

The used BBA isolates are from the collection of the
plant bacteriology laboratory of Universidade Federal
de Pelotas, selected to control CBB through seed
treatment (Zanatta et al., 2007; Corréa et al., 2014).

For all assays, two plants were grown per pot in
2-kg unsterilized commercial substrate. The plants
were kept in a greenhouse with partially controlled
temperature and micro-sprinkler irrigation.

The treatments consisted of foliar spraying of the
following BBAs, either individually or in combinations:
DFs93, Bacillus cereus; DFs513, Pseudomonas veronir;
DFs769, B. cereus; COl, DFs93 + DFs769 + DFs&831
(Pseudomonas fluorescens); C03, DFs348 (Bacillus
sp.) + DFs769 + DFs831; besides sterile water, as
the control. The COl and CO3 combinations were
recommended by Corréa et al. (2014) for the control of
several bean diseases via seed treatments.

In the first experiment, the assays were conducted
in two steps: the first with all treatments; and the
second with the most efficient ones, i.e., DFs513,
DFs769, and C03. After the complete expansion of the
third trefoils, the BBA suspensions were sprayed at
different times relative to pathogen (Xap) inoculation:
first application, at 24 and 48 hours before inoculation
(BPI) and at 24 and 48 hours after inoculation (API);
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and repeat application, at 72 and 48 hours BPI and at
48 hours APIL.

In the second experiment, to check the occurrence
of induced systemic effects, the most efficient BBAs
— DFs513, DFs769, and C03 — were sprayed on trefoils
without pathogen inoculation, according to Halfeld-
Vieira et al. (2006), at 72 and 48 hours BPI. To prevent
the drift of BBA spray, the trefoil where Xap would
be inoculated was covered with aluminum foil during
application.

In the third experiment, to verify phaseolin
production, the BBAs of the most efficient treatments,
1.e., DFs513, DFs769, DFs348 isolates, DFs831, and
C03, were evaluated using the method proposed
by Dixon et al. (1983) and adapted by Brand et al.
(2010). Bean seeds were disinfected in 1% sodium
hypochlorite for 5 min and washed in sterile distilled
water. Then, the seedlings were planted in sterile sand
and conditioned in a growth chamber at 25°C in the
dark. After seven days, 5-cm hypocotyl segments were
cut, washed in sterile water, and dried on sterile filter
paper. Four hypocotyl segments were placed in a Petri
dish containing filter paper moistened with sterile
distilled water. The hypocotyls were sprayed with
BBA suspension, and a 0.85% saline solution was used
as the control. The Petri dishes were then kept at 25°C,
in the dark, for 48 hours. Afterwards, the hypocotyls
were transferred to tubes containing 10 mL ethanol, at
4°C, for 48 hours; the tubes were shaken for 1 hour to
extract phaseolin, measured indirectly by absorbance
at 280-nm wavelength in a spectrophotometer. The
results were expressed as absorbance units per gram of
fresh weight (ABS g' fw).

The BBAs and Xap were grownin 523 medium (Kado
& Heskett, 1970) at 28°C for 24 hours. Suspensions
were prepared by adjusting the concentrations to
Asq = 0.4 for BBAs and Asy = 0.2 for Xap. The BBA
combinations were prepared missing equal volumes of
the suspension of each BBA prepared individually.

The used pathogenic isolate, Xap28, was obtained
from a leaf with typical symptoms of CBB. The
pathogen was inoculated in the third fully-expanded
trifoliate leaf of the bean plants by the “cutting with
scissors method” (ten cuts per leaf), as described by
Alfenas & Mafia (2007). The plants were kept in a
humid chamber for 24 hours after inoculation.

After the onset of symptoms, incidence and severity
were assessed five times at two-day intervals. For
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incidence, the number of cuts in the leaves showing
typical symptoms of CBB was taken into account.
The severity of each cut was classified according to
the scale proposed by Rava (1984). The area under the
incidence progress curve (AUIPC) and the area under
the severity progress curve (AUSPC) of the disease
were calculated (Campbell & Madden, 1990).

Incidence data were subjected to the Box-Cox
transformation for further analysis, and all data were
subjected to the analysis of variance. Means were
compared by Duncan’s test, at 5% probability, using
the R software (R Core Team, 2015).

Results and Discussion

BBAs significantly affected the severity of CBB
symptoms, but not the incidence of the disease. For
initial incidence, no interaction was observed between
factors, resulting in an initial reduction only in the
second spraying time (Figure 1). In addition, the
cumulative effect (AUIPC) followed the same pattern,
also differing only in the repeat application, when
the treatments C03, DFs769, and DFs513 reduced the
AUIPC by 32, 30.8, and 21.5%, respectively. BBA
spraying 72 hours BPI resulted in the lowest AUIPC,
1.e., in a decrease of 19.8% in relation to 48 hours API,
which did not differ from 48 hours BPI.

The effect on symptom severity varied depending
on the time of BBA spraying, with a significant
interaction in both application times. In the first
spraying time (Table 1), there was a reduction in the
AUSPC when three of the treatments were applied
preventively 48 hours BPI and one in a curative mode
48 hours API. In the repeat spraying, when the number
of treatments was reduced and a longer interval was
included between BBA spraying and the challenge with
Xap, only the results for 48 hours BPI were repeated; it
should be noted that increasing the application interval
did not result in greater control and also reduced the
number of effective treatments.

In general, BBA foliar spraying applied preventively
provided CBB control. However, DFs513, DFs769,
and CO03 were the only treatments with stable effect,
significantly reducing the incidence and severity of the
disease in most trials.

The two BBA combinations tested consisted
of a mixture of bacteria of the genus Bacillus and
Pseudomonas; however, only C03 stood out among the
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Figure 1. Incidence of common bacterial blight of bean
(Xanthomonas axonopodis pv. phaseoli) due to the spraying
of bacterial biocontrol agents on common bean (Phaseolus
vulgaris) leaves 96 hours after pathogen inoculation (A), area
under the incidence progress curve (AUIPC, B), and time
of application (C). Control, water; DFs513, Pseudomonas
veronii,; DFs769, Bacillus cereus; C03, DFs348 (Bacillus
sp.) + DFs769 + DFs831 (Pseudomonas fluorescens); 48hA,
48 hours after pathogen inoculation; 72hB, 72 hours before
pathogen inoculation; and 48hB, 48 hours before pathogen
inoculation. Means followed by equal letters do not differ
by Duncan’s test, at 5% probability.
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best treatments. In contrast to the results obtained in the
present study, Corréa (2017), working with 16 strains
of Xap, concluded that the COl combination resulted
in maximum mean disease control. The authors found
that the COl combination and the DFs831 bacterium
caused the greatest reductions in CBB incidence and
severity for all strains, resulting, respectively, in 36 and
27% control. Moreover, Corréa et al. (2014) observed
that the combination CO1 had a broad spectrum of
action, with an effective and significant control on
all evaluated bean diseases: bacterial wilt, fusarium
wilt, charcoal rot, and angular leaf spot. However, in
both of these studies, BBAs were applied to the seed
and not sprayed on leaves, which may be why the
results differed from those obtained here regarding the
control of CBB. Possibly, the bacterium DFs93, which
is part of the COl combination, has not adapted well
in phylloplane, once it was isolated from the soil. This
could explain its weak performance in controlling Xap
in the present work, which is reinforced by the data for
DFs93 when sprayed alone.

Combinations of microorganisms were explored
by Mishra & Arora (2012) to control Xanthomonas
campestris pv. campestris (Xcc) through rhizosphere
isolates, and the combination Pseudomonas and
Bacillus resulted in greater control. According
to these authors, the highest efficiency was due
to complementary mechanisms of action: the
Pseudomonas isolate produced siderophores and
the Bacillus isolate produced autolysins and AHL-
lactonase. Siderophores are iron-chelating molecules,
important in nutrient competition; autolysins
hydrolyze the cell wall peptidoglycan, leading to
bacterial lysis; and the AHL-lactonase action results
in the hydrolysis of the signaling molecules acyl-
homoserine lactones, which causes the suppression
of Xcc virulence genes.

Similar studies on the control of other bacterial
diseases showed that combining application methods
can be more efficient than using spray alone. In this
sense, in a study on P. fluorescens applications for
the control of Xanthomonas oryzae pv. oryzae in
rice (Oryza sativa L. plants, the best performance
was observed when combining foliar, soil, and seed
treatments (Jeyalakshmi et al., 2010). Mishra &
Arora (2012) evaluated two rhizobacteria isolates,
Pseudomonas and Bacillus, for the biocontrol of
Xcc in Brassica campestris L. and recorded a
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decrease between 32 and 57% in disease incidence,
respectively; however, the highest reduction was
achieved when seed microbiolization was combined
with soil application.

Regarding pulverization time, greater reductions
in disease severity were verified for preventive
treatments, especially at 48 hours BPI (Table 1). These
effective treatments reduced the symptoms of severity,
on average, 25% in the first application and 50% in the
second. However, treatments applied after inoculation
with Xap, i.e., at 48 hours API, showed contradictory
results in the two replicates of the assay. The curative
effect of DFs513 was observed at the first time of
application, and that of DFs769 and CO03 at the second.

A greater preventive biocontrol may be attributed
to at least three independent factors, which may occur
simultaneously: competition, antibiosis, and induced
resistance. Concerning the competition mechanism,
the presence of BBAs in advance would increase the
chance of bacterial multiplication and colonization.
According to Halfeld-Vieira et al. (2015), the
competition for iron and nitrogen compounds in
leaves explains the control of X. axonopodis pv.
passiflorae in passion fruit (Passiflora edulis Sims
f. flavicarpa). Regarding antibiosis, if constitutively
produced, BBAs would have been in leaves longer,
allowing a greater accumulation of compounds toxic
to the pathogen. The DFs93, DFs513, and DFs769
bacteria are producers of effective antimicrobial
compounds against Xap (Silva et al., 2008), which is
an indication of antibiosis, reported in several studies
as a mechanism responsible for the biocontrol of plant
pathogens (Lanna-Filho et al., 2010; Kumsingkaew &
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Akarapisan, 2014). For induced systemic resistance
(ISR) to act as a mechanism, the presence of BBAs is
required in advance to antagonize the pathogen. When
applied in advance and spatially separated from the
pathogen, DFs513, DFs769, and the C03 combination
controlled CBB, acting by ISR.

Furthermore, a better preventive control involves
the application not only of BBAs, but also of their
metabolites. Spago et al. (2014) studied the effect
of different compounds produced by P. aeruginosa
against X. axonopodis pv. malvacearum (Xam), X.
axonopodis pv. citri (Xac), and Xap, and found that
certain fractions were more effective in controlling
Xap and Xac, when applied preventively 24 hours
before, and Xam, when applied curatively 24 hours
after, reducing the number of leaf spots. The authors
attributed the preventive effects to the induction of
resistance, but did not rule out the possible involvement
of antibiosis; this was also the case in the present study.
Therefore, researches on the metabolites of DFs513
and DFs769, as well as on those of DFs93 and DFs831
that make up the C03 combination, should be carried
out to confirm or exclude this possibility.

Regarding the systemic effect of BBAs via foliar
spraying, there was no significant interaction between
application time and BBAs in the first and second
replicates, as well as no significant effect for the time
of BBA pulverization in both replicates. In the first
application, all BBA treatments showed systemic
effect; the only exception was CO3 for the AUSPC,
which did not differ from the control (Table 2). In the
second application, none of the BBAs reduced the
AUIPC, and only the treatment with DFs769 showed

Table 1. Area under the severity progress curve (AUSPC) of the disease common bacterial blight of bean (Xanthomonas
axonopodis pv. phaseoli) when common bean (Phaseolus vulgaris) leaves were sprayed with bacterial biocontrol agents

before (BPI) or after pathogen inoculation (APT)®.

Treatment Application time (first replicate) Application time (second replicate)
48 hours BPI 24 hours BPI 24 hours API 48 hours API 72 hours BPI 48 hours BPI 48 hours API

Control 33.93aA 35.60aA 30.68bA 34.29abA 23.97aA 26.23aA 26.71aA
DFs93@ 29.18abAB 31.68aAB 34.64abA 28.12bcB - - -
DFs513@® 26.95bB 30.80aAB 35.13abA 27.32¢B 20.28abB 14.96bC 26.21aA
DFs769% 24.84bB 30.23aB 37.89aA 36.56aA 11.82cB 11.63bB 18.35bA
Co1® 29.11abB 32.00aAB 31.05bB 37.70aA - - -
C03® 24.19bB 32.02aA 32.31abA 35.17aA 14.63bcA 12.72bA 15.97bA

(MMeans followed by equal letters, lowercase in the columns and uppercase in the lines for each application time, do not differ by Duncan’s test, at 5%
probability. @Bacillus cereus. ®Pseudomonas veronii. ®Bacillus cereus. ®DFs93 + DFs769 + DFs831 (Pseudomonas fluorescens). ®DFs348 (Bacillus

sp.) + DFs769 + DFs831.
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a systemic effect for the AUSPC. The intensity of this
control was similar to that of previous trials: a low and
a more intense effect, respectively, on the incidence
and on the severity of the disease. In this sense, in
the first application, the AUIPC was reduced in 25%,
which was the average for all BBAs, and the AUSPC,
in 42% for DFs513 and DFs769. The most intense
effects were observed for the DFs769 treatment, which
caused reductions of 37.6 and 45.7%, respectively, in
disease incidence and severity.

Among the beneficial microorganisms with potential
to induce ISR, the bacteria of the genus Pseudomonas
and Bacillus stand out. Planchamp et al. (2015) found
that seed treatment with Pseudomonas putida KT2440
induced resistance in corn (Zea mays L.) plants against
Colletotrichum graminicola. Kuhn & Pascholati
(2010) analyzed the protective effect of an isolate of
B. cereus and of acibenzolar-S-methyl (ASM), as
well the adaptive cost of resistance induction in beans
against Xap. The authors reported that B. cereus and
ASM caused a 37 and 79% reduction in CBB severity,
respectively, but that the fungus has a significantly
lower adaptive cost than the synthetic inducer. Halfeld-
Vieira et al. (2006) also highlighted the potential of B.
cereus to induce resistance, since, after it was sprayed,
there was a lower severity of Pseudomonas syringae
pv. tomato and a higher activity of peroxidase and
systemic protection, which are indicative that the BBA
acted as a promoter of ISR.

Table 2. Area under the incidence progress curve (AUIPC)
and area under the severity progress curve (AUSPC) of the
disease common bacterial blight of bean (Xanthomonas
axonopodis pv. phaseoli) when common bean (Phaseolus
vulgaris) leaves were sprayed with different bacterial
biocontrol agents®.

Treatment First replicate Second replicate
AUIPC AUSPC AUIPC AUSPC
Control 743.40a 19.04a 665.36™ 16.71a
DFs513@ 598.96b 11.66b 625.35 13.56a
DFs769¢) 463.89b 10.34b 520.86 9.23b
C03® 603.12b 13.72ab 522.44 13.07a

(MMeans followed by equal letters, in the columns, do not differ by
Duncan’s test, at 5% probability. ™Nonsignificant. @Pseudomonas
veronii. ®Bacillus cereus. YDFs348 (Bacillus sp.) + DFs769 + DFs831
(Pseudomonas fluorescens).
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Regarding phaseolin, a phytoalexin with recognized
antifungal and antibacterial properties (Bozkurt &
Soylu, 2011), the pulverization of the DFs769 and
DFs831 bacteria increased its production in bean
hypocotyls by 31 and 47%, respectively (Figure 2).
The DFs769 and DFs831 (part of C03) bacteria also
increased the production of phaseolin, indicating the
potential of these BBAs to induce resistance, which
may be related to lower CBB severity. Although there
are no known studies on the induction of phaseolin by
the application of B. cereus or P. fluorescens isolates,
the accumulation of phaseolin in common bean has
been reported after treatment with exogenous elicitors,
such as rhizobacteria like P. putida (Ongena et al.,
2004), plant extracts (Brand et al., 2010), and systemic
acquired resistance inducers (Durango et al., 2013).

The results of the present study are indicative of
the potential of BBAs, previously selected for seed
treatment, for the control of CBB by foliar spraying,
with flexibility in their use.
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Figure 2. Production of phaseolin in common bean
(Phaseolus vulgaris) hypocotyls treated with different
bacterial biocontrol agents, expressed by absorbance (280
nm) per gram of fresh weight. Means followed by equal
letters, do not differ by Duncan’s test, at 5% probability.
Control, 0.85% saline solution; DFs348, Bacillus cereus;
DFs513, Pseudomonas veronii; DFs769, B. cereus; and
DFs831, Pseudomonas fluorescens.
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Conclusions

1. Foliar spraying of the bacterial biocontrol agents
DFs513, DFs769, and the C03 combination (DFs348 +
DFs769 + DFs831) controls common bacterial blight of
bean (Phaseolus vulgaris).

2. The preventive foliar spraying with bacterial
biocontrol agents is more effective than the curative
one.

3. The Dbacterial biocontrol agents DFs513,
DFs769, and the C03 combination act as inducers of
Xanthomonas axonopodis pv. phaseoli resistance.
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