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ABSTRACT

The potential of four native bacterial strains of blackberries cv. Brazos (Rubus fruti-
cosus): Bacillus subtilis (BSS), Bacillus subtilis (BSL), Bacillus licheniformis (BLI) and Leif-
sonia aquatica (LAQ), was evaluated for the postharvest control of soft rot caused by
Rhizopus stolonifer in blackberry fruits. The fruits were treated with cell suspensions
(CS) and cell-free supernatants (CFE) from each bacterial strain and were infected with
two strains of R. stolonifer (RSA and RSC). The severity and inhibition percentage of the
disease were determined. Additionally, the inhibition by siderophores and the inhibition
percentage of R. stolonifer spore germination were analyzed as possible control mecha-
nisms. The CS of BSS inhibited RSA by 45.8%, followed by CFE of LAQ which controlled
the same strain by 39.7%. The CS of BLI inhibited RSC by 37.7%, whereas the CFE of
BSS and LAQ controlled it by 47.7 and 41.8%, respectively. All bacterial strains inhibited
RSA and RSC by siderophores production (38.7 to 48.6 %) and the inhibition of spore
germination of RSC was higher than 93% after 48 h. This work is one of the first to report
R. stolonifer control by native bacteria CS and CFE, particularly LAQ in postharvested
blackberry fruits. These results show the combination of mechanisms used by bacteria
to control both R. stolonifer strains.
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RESUMEN

Fue evaluado el potencial de cuatro cepas bacterianas nativas de zarzamora var.
Brazos (Rubus fruticosus): Bacillus subtilis (BSS), Bacillus subtilis (BSL), Bacillus licheni-
formis (BLI) y Leifsonia aquatica (LAQ), para el control en poscosecha de la podre-
dumbre blanda causada por Rhizopus stolonifer en frutos de zarzamora. Los frutos
fueron tratados con suspensiones celulares (CS) y extractos libres de células (CFE) de
cada cepa bacteriana y fueron infectados con dos cepas de R. stolonifer (RSA y RSC). Se
determind el porcentaje de severidad e inhibiciéon de la enfermedad. Ademas, fueron
analizados como posibles mecanismos de control, la inhibicién por sider6foros y el
porcentaje de inhibiciéon de la germinaciéon de esporas de R. stolonifer. La CS de BSS
inhibié un 45,8% a RSA, seguido por CFE de LAQ que controlé la misma cepa en un
39,7%. EI CS de BLI inhibi6 a RSC un 37,7%, mientras que el CFE de BSS y LAQ lo contro-
laron un 47,7 y 41,8%, respectivamente. Todas las cepas bacterianas inhibieron RSA y
RSC por produccion de sideréforos (38,7 a 48,6%) y la inhibicién de la germinacién de
RSC por esporas fue mayor que 93% después de 48 h. Este trabajo es uno de los primeros
en informar el control de R. stolonifer por CSy CFE de bacterias nativas, particularmente
LAQ en poscosecha de frutos de zarzamora. Estos resultados muestran la combinacién
de mecanismos utilizados por las bacterias para controlar ambas cepas de R. stolonifer.

Palabras clave

poscosecha de frutillas e Biocontrol e Extracto libre de células e Leifsonia, Bacillus
Rhizopus stolonifer « Podredumbre blanda

INTRODUCTION

Global consumers' growing interest in
including nutraceutical compounds in their
diet has caused an increase in the market
of fresh products rich in these compounds,
such as beetroot and berries (1, 5); among
them, blackberries, whose phytochemical
and antioxidant content, in addition to their
sweet flavor and smell, have contributed to
make them a well-renowned and widely
consumed product (12, 29). One of the
most frequent production problems is the
high susceptibility to mechanical damage
during postharvest manipulation, which
in turn contributes to the development of
fungal diseases (8), such as soft rot, caused
by Rhizopus stolonifer (Ehrenb.:Fr.) Vuill,
thereby causing great economic losses
in this crop. R. stolonifer control has been
primarily performed through the appli-
cation of synthetic fungicides (4, 16, 34).
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However, various collateral effects, such as
the development of fungal resistance, envi-
ronmental and human health damage, have
been attributed to those products (2, 11).
Postharvest disease control exacerbates
the problem as producers face the dilemma
of offering damage-free products with good
external quality and innocuous at the same
time. Biological control with the use of
antagonistic microorganisms has showed
positive results in the control of different
fruit pathogens, and it is considered a
viable alternative to chemical control since
it is also environmentally friendly and
low-cost (3, 6,13,22,31, 36). An example of
the above are the works of Arrebola, et al.
(2010) and Govender et al. (2005), where
Bacillus species strains were used to
control postharvest diseases in citrus fruits
and mango, respectively.
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Furthermore, it has been posed that
the use of cell-free supernatants, produced
by phytopathogen antagonistic bacteria,
is less risky than the use of bacterial cells;
in this context, some works have reported
that cell-free supernatants of Pseudo-
monas and Bacillus reduced the occurrence
of phytopathogenic fungi in apple and
tangerine fruits (17, 19, 21). For the control
of Rhizopus stolonifer, it has been proposed
to apply yeast (35) and bacteria (7, 34) in
tangerines, peaches, apricots and grapes in
postharvest; however, this is, as far as you
know, the first work exploring its control
in blackberry fruits. Due to the above, the
objective of this work was the evaluation
of the Rubus fruticosus native bacteria's
potential, as well as its cell-free superna-
tants on the control of soft rot in black-
berry fruits (Rubus fruticosus). Moreover,
tests were conducted to explore possible
mechanisms to control Rhizopus stolonifer
used by the bacterial strains analyzed.

MATERIALS AND METHODS

Biological material

Fungal strains

Two strains of Rhizopus stolonifer, RSA
and RSC, were used, which were selected
because they presented different degrees
of pathogenicity. Both were isolated from
Brazos variety blackberries collected in Los
Reyes, Michoacan, Mexico. The fruits were
placed in a humid chamber and incubated
in a growing room at 25°C during 5 d until
the characteristic mycelium appeared;
then, 5-mm-diameter sections were taken
from the fruits covered with mycelium,
and they were placed in Petri dishes with
Potato Dextrose Agar (PDA) medium and
were incubated at 25°C. Once the mycelium
sporulated, serial dilutions were performed
to obtain individual spores, which were
placed in tubes with Potato Dextrose Broth
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(PDB) to obtain pure cultures (16). The
isolates were identified by observation in
an inverted microscope at 40X (1X71S8F-3,
Olympus America Inc., Center Valley, PA,
USA) and a stereoscope at 10X (SMZ-
1500, Nikon Incorporated, Melville, NY,
USA) using the keys reported by Schipper
(1984). The strains identified were inocu-
lated again in Petri dishes with PDA and
incubated at 25°C during 5 d, at the end of
which they were used to follow the Koch's
postulates to confirm their pathogenicity.
In both strains of R. stolonifer, blackberry
fruits with export quality, uniform size,
shape, weight and color, and free of physical
damage, were used. To disinfect them, they
were submerged in a sodium hypochlorite
solution at 1.5% (vv') during 5 min and
were rinsed with sterile distilled water.
The fruits were placed in humid chambers
and inoculated with 50 pL of a spore
suspension of the corresponding strain of
R. stolonifer (1x10° spores mL? grown in
PDB) and incubated in a digital incubator
(M-815, Thermo Electron Corp., Marietta,
OH, USA) at 25°C during 72 h. Fifteen fruits
were evaluated per treatment with three
replicates each.

Bacterial strains

Four bacterial strains isolated from a
commercial crop of Brazos variety black-
berries, located in Los Reyes, Michoacan,
Mexico, were used. The antagonist
activity against R. stolonifer was verified
in a previous study (10): Bacillus subtilis
isolated from soil (BSS), Bacillus subtilis
(BSL),  Bacillus licheniformis  (BLI)
and Leifsonia aquatica (LAQ) isolated
from leaves, which were identified at a
molecular level through the extraction
of chromosome DNA in accordance with
Harwoodand Cutting (1990),amplification
of 16S rDNA region, with the universal
oligos: 27F TACGGYTACCTTGTTACGACTT
and 2RAGAGTTTGATCMTGGCTCAG; the
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amplified products were identified by the
company Macrogen Corp. USA.

The comparison of the amplified
products from 16S rDNA with the
database (BLAST, nr/nt) revealed that
B. subtilis S (BSS) (1403 pb), B. subtilis
L (BSL) (1401pb), B. licheniformis (BLI)
(1402pb) and L. aquatica (LAQ) (1393pb)
corresponded to the species previously
identified with the biochemical tests.
The strains were preserved in Petri
dishes with nutrient agar (Bioxon and
Becton Dickinson, Mexico City, Mexico)
at 4°C and were subcultured in the same
growth medium 24 h before their use in
the bioassays.

Antagonism by reduced siderophore
production

The siderophore production by the
bacterial strains was confirmed by growth
in PDA medium with chrome azurol. To
relate the production of siderophores to
theinhibition of growth ofboth R. stolonifer
(RSA and RSC), an antagonism test in
iron-rich medium was performed under
the supposition that, upon this element's
high bioavailability, the microorganisms
would not be forced to compete for it.
PDA added with 100 mg of FeCl, (Baker
Analyzed Reagent, ]. T. Baker, Phillipsburg,
NJ, USA) per liter of culture media (Rachid
and Ahmed, 2005) was used. At four equi-
distant points of a 98 mm diameter Petri
dish, the bacterial strains were inoculated
by means of a roast, spreading them in
an area of 1 cm in diameter at each point.
Agar discs with mycelium were placed
with 5-mm-diameter of each strain of
the pathogen (RSA or RSC) in the center
of the Petri dishes and were incubated
in a digital incubator (M-815, Thermo
Electron Corp., Marietta, OH, USA) at 28°C
during 72 h; the growth diameter of the
discs with mycelium was measured with
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a digital Vernier every 24 h. As control,
iron-free PDA plates were used inocu-
lating the pathogen as described above.
The test ended when the mycelium
fully covered the dishes of the control
treatment. The formula used to calculate
the antifungal index was Antifungal Index
(%) = (1 - Da Db')x100; where: Da is the
diameter of the growth zone of the disc
(cm) in the specimen dish, and Db is the
diameter of the growth zone of the disc
(cm) in the control dish (32). Three plates
were used as an experimental unit and
each treatment had 3 replicates.

Inhibition test of R. stolonifer spore
germination

This test was performed in accordance
with Bryk et al. (1998) with modifications.
Bacterial suspensions of all the strains
were prepared by inoculations thereof
in 50 ml of PDB, they were incubated at
25°C during 24 h under constant stirring
and adjusted to a 1X10° cfu mL* density.
Suspensions of RSA and RSC fungal strains
were prepared by inoculations in PDB at
25 °C for 72 h, to obtain a final concen-
tration of 1x10° spores mL. The suspen-
sions of each bacterial strain (BSS, BSL,
BLI and LAQ) were mixed with the RSA
or RSC spore suspension in test tubes in a
1:2 proportion (v:v bacteria: fungi, respec-
tively). The tubes were incubated at 25°C
for 12, 24 and 48 h. As control, the spore
suspension of the corresponding strain
mixed with PDB in the same proportion
as the remaining treatments was used.
After each incubation time, an aliquot of
each treatment was taken to be observed
under the microscope. Three replicates
per treatment were used. Ten spores in
10 fields were examined in each sampling
time with a compound microscope at
40X (Axiolab-450907, Carl Zeiss Inc,
Thornwood, NY, USA).
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The amount of germinated and non-
germinated spores was recorded and
expressed as germination percentages of
R. stolonifer present in the different strains.

Antagonism test (in vivo)

Suspensions of each bacterial strain
were prepared in 150 ml of nutrient broth
(Baker Analyzed Reagent, . T. Baker, Phil-
lipsburg, NJ, USA) incubating at 25°C for
24 h under constant stirring. Cell-free
supernatants (CFE) were prepared to
know the strains’ capacity to produce
water-soluble extracellular compounds
with antifungal activity. These were
obtained through CS centrifugation
(RMC-2, Wheaton Science Products, Mill-
ville, NJ, USA) at 10 000 rpm per 10 min,
the supernatant was filtered through
a 0.22 pm nylon membrane (Millipore
Corporation, Bedford, MA, USA).

Brazos variety blackberry fruits with
export quality, uniform size, shape, weight
and color, and free of physical damage,
were used, which were disinfected as
previously described and submerged in
the corresponding bacterial suspension
(CS) or cell-free extract (CFE) during 2 h,
sprinkled with 10 ml of a spore suspension
(1x105 spores mL™) of RSA or RSC strains,
placed in humid chambers and incubated
at 25 °C during 72 h. No damage was
inflicted to the fruits prior to inoculation
of the R. stolonifer strains. Fifteen fruits
per treatment were evaluated with three
replicates each. The treatments analyzed
were: Fruits inoculated with the RSA
or RSC strain (control with pathogen);
fruits inoculated with PDB only (control
without pathogen); fruits inoculated with
cell suspensions (CS) of the 4 respective
bacteria compared with the RSA or RSC
strain; fruits inoculated with cell-free
supernatants (CFE) of the 4 respective
bacteria compared with RSA or RSC.
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The severity of the infection was deter-
mined every 24 h during 5 d using the
scale previously described in the patho-
genicity test. The severity index was
calculated with the formula reported by
Pérez, et al. (1995) and the pathogen inhi-
bition percentage with the same formula,
but expressing the severity levels as
percentages.

Statistical analysis

All of the experiments were performed
with a completely random design. The
fungal inhibition percentage data were
transformed with the Arcsine of the square
root. The data were processed by means
of an analysis of variance and a Tukey
means comparison using SAS® System for
Windows 9.0 version (SAS Institute, Cary,
NC, USA). The differences between the
means were considered significant with a
p < 0.05.

RESULTS

R. stolonifer strains pathogenicity

The identity of the R. stolonifer (RSA and
RSC) strains obtained from the blackberry
plants was confirmed by the Schipper
(1984) keys. The fruits inoculated with
both strains developed mycelium after 24 h,
covered the fruit and generated exudates,
the infection and softening appeared
after 48 h, and after 72 h the fruits were
degraded and with signs of fermentation.
The infection percentage was 90% for RSA
and 100% for RSC.

Antagonism by reduced siderophore
production

The results showed that LAQ had a
controlling effect on the RSA strain signifi-
cantly higher than the remaining treat-
ments for it presented an antifungal index
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0.8 times higher than BSS and 0.7 times
higher than BSL; followed by the BLI
strain, which exceeded 0.9 and 0.8 times
the inhibitory power of BSS and BSH,
respectively. The RSC strain was controlled
by BLI, which showed the higher anti-
fungal index exceeding 0.8 times BSS
and 0.85 times BSH, followed by LAQ
whose antifungal index exceeded 0.9
and 0.8 times that presented by BSS and
BSH, respectively (table 1). It is worth
mentioning that BLI and LAQ, grown in
an enriched medium, presented inhi-
bition percentages on the growth of both
R. stolonifer strains evaluated higher than
those obtained in medium without FeCl..

Inhibition test of R. stolonifer spore
germination
The results obtained showed that
BSS and BLI allowed the germination of
6.10 and 18.7% of the RSC spores after
48 h, whereas, in the control, there was

observed the germination of 90% of
the spores after the same time (table 2,
page 312).

In BSL and LAQ treatments, the amount
of RSC spores reduced by 96% and 91%
respectively after 12 h; this was due to
their lysis, since fragments thereof were
observed in all of the fields analyzed. In
that time, no spore germination was found
in said treatments; however, the remaining
spores germinated after 48 h (3.5 and
5.2%, respectively) (table 2, page 312).
Furthermore, the treatments applied had
no effect on the germination of RSA spores,
since they reached similar germination
percentages to those of control (87-90%)
after 48 h (Data not shown).

Antagonism test (in vivo)

The four native bacterial strains of
blackberry plants showed positive effects
to prevent soft rot caused by the RSA and
RSC fungal strains.

Table 1. Antagonism of native bacterial strains of blackberry (Rubus fruticosus cv.
Brazos) against R. stolonifer in medium enriched in FeCl..

Tabla 1. Antagonismo de cepas bacterianas nativas de zarzamora (Rubus fruticosus var.
Brazos) contra R. stolonifer en medio enriquecido en FeCl..

. Antifungal Index (%)
Antagonist With FeCl Without FeCl
Agent 3 3
RSA RSC RSA RSC

BLI 46.1+0.5¢ 48.3+0.7° 41.442.3¢ 42.742.44
BSS 42.7+0.6¢ 43.1+0.4¢ 40.0+£1.3¢ 41.6+2.1¢
LAQ 48.6+0.3" 47.0+0.3¢ 36.4+2.0° 41.9+2.9¢
BSL 38.7+0.5¢ 41.2+1.2¢ 37.6x1.1° 36.2+1.1°
Control (-) 0.00+0.0° 0.00+0.0° 0.00+0.0° 0.00+0.0°
Control (+) 100.0+0.0° 100.0+0.0° 100.0+0.0° 100.0+0.0°

Means # standard deviation are presented. The different superscript letters in the same column indicate
significant differences according to the Tukey test (p<0.05, n=3). RSA: Rhizopus stolonifer A strain; RSC:
Rhizopus stolonifer C strain. BLI: Bacillus licheniformis; BSS: Bacillus subtilis S; LAQ: Leifsonia aquatica; BSL:
Bacillus subtilis L; Control (-): PDB medium; Control (+) Rhizopus stolonifer A or C strains, respectively.

Se presentan las medias + desviacion estandar. Letras superindices diferentes en la misma columna indican
diferencias significativas de acuerdo a la prueba de Tukey (p<0,05, n=3). RSA: Rhizopus stolonifer cepa A;
RSC: Rhizopus stolonifera cepa C. BLI: Bacillus licheniformis; BSS: Bacillus subtilis S; LAQ: Leifsonia aquatica;
BSL: Bacillus subtilis L; Control (-): medio PDB; Control (+) Rhizopus stolonifer cepas A 6 C respectivamente.
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Table 2. Inhibition of germination of spores of R. stolonifer (RSC) by the native
bacterial strains of Blackberry (Rubus fruticosus cv. Brazos).

Tabla 2. Inhibicién de la germinacion de esporas de R. stolonifer (RSC) por cepas
bacterianas nativas de Zarzamora (Rubus fruticosus var. Brazos)

Treatments Spore germination percentage of RSC (%)
12 h 24h 48 h

BLI+RSC 3.8+0.7° 4.7+0.8¢ 6.1+0.1°¢

BSS+RSC 9.2+0.5° 15.8+0.3° 18.7+0.4°

LAQ+RSC 0.0+0.0¢ 1.8+0.5¢ 5.2+0.74

BSL+RSC 0.0+0.0¢ 1.1£0.7¢ 3.5+0.2¢

RSC 81.3+£6.7° 89.0+2.6° 89.9+1.1°

Means * standard deviation are presented. The different superscript letters in the same column indicate
significant differences according to the Tukey test (p<0.05, n=3). RSC: Rhizopus stolonifer strain C; BLI:
Bacillus licheniformis, BSS: Bacillus subtilis S, LAQ: Leifsonia aquatica, BSL: Bacillus subtilis L.

Se presentan las medias + desviacion estandar. Letras superindices diferentes en la misma columna indican
diferencias significativas de acuerdo a la prueba de Tukey (p<0,05, n=3). RSC: Rhizopus stolonifer cepa C; BLI:
Bacillus licheniformis, BSS: Bacillus subtilis S, LAQ: Leifsonia aquatica, BSL: Bacillus subtilis L.

The fruits treated with CS of BSS
showed a significant inhibition (45.8%)
on the growth of the RSA strain, which
was 1.6, 1.6 and 2.5 times higher than
that presented by BLI, LAQ and BSL treat-
ments, respectively. This severity level
was 1.8 times lower than that showed by
the RSA control (4.25). Furthermore, the
treatmentwith CFE of LAQ inhibited 39.7%
the production of mycelium, which was
2.1, 1.9 and 1.7 higher than the inhibition
percentage presented by CFE of BLI, BSS
and BSL respectively; showing a severity
level of 2.5, which was 1.7 times lower
than that presented by the RSA control (ps
0.05). The fruits of the treatment with CFE
of BSS showed an inhibition on the growth
of RSC strain of 47.7%, with a severity level
of 2.5, which was 1.8 and 1.6 times higher
than that of CFE treatments of BLI and BSL,
respectively, and 1.7 times lower than that
presented by the RSC control. Similarly, the
treatment with CFE of LAQ permitted the
inhibition of fungal growth by 48.8%, which
was 6 and 1.4 times higher than that of CFE
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treatments of BLI and BSL, with a severity
level of 2.8, which was 1.5 lower than that
of the RSC control (table 3, page 313).

DISCUSSION

In the last years, postharvest pathogen
biocontrol strategies have been developed
for a wide range of fruits, including
compact fruits with thick and waxy cuticle,
such as: mangoes (Manguifera indica);
citrus fruits such as oranges (Citrus
sinensis) and tangerines (Citrusreticulata);
tomatoes (Solanum lycopersicum), papaya
(Carica papaya) and peaches (Prunus
persica), among others (3, 6, 28). In the
aforementioned fruits, it is necessary
to make a small cut on the epidermal
cuticle so that the pathogens enter
successfully and cause an infection (18).
However, berries, such as blackberries,
are highly vulnerable to the attack of
postharvest pathogens, even without any
injuries, due to their soft and thin cuticle.
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Table 3. Control of R. stolonifer with bacterial suspensions (CS) and cell-free extracts
(CFE) of native bacterial strains of blackberry (Rubus fruticosus cv. Brazos).

Tabla 3. Control de R. stolonifer con suspensiones bacterianas (CS) y extractos libres de
células (CFE) de cepas bacterianas nativas de zarzamora (Rubus fruticosus var. Brazos).

Treatments Antagonist Agent Severity Index * Inhibition (%)™
RSA RSC RSA RSC
BLI 3.00.1¢ 3.050.05¢ 28.2+0.1° 37.7+0.05¢
Cell Suspension BSS 2.3+0.1° 3.4+0.05% 45.8+0.1° 30.620.05%
(cs) LAQ 3.1+0.1% 3.240.05¢ | 27.0620.1% | 33.6+0.05%
BSL 3.30.1¢ 3.2+0.05¢e 22.3+0.1¢ | 33.6+0.05%
BLI 3.4+0.05¢ 3.6+0.05¢ 18.8+0.05¢ | 25.5+0.05¢
Cell-Free BSS 3.4+0.34 2.5+0.2b 20.0£0.3¢ 47.7+0.2b
Extract (CFE) LAQ 2.5+0.1° 2.8+0.1% 39.7+0.1° 41.8+0.1%
BSL 3.3+0.1¢ 3.4£0.3¢% 22.3+0.1% 29.5£0.3¢
Control Control (-) 1.0%0.0° 1.0+0.0° 100.0£0.0° | 100.0+0.0°
Control (+) 4.240.05¢ 4.9£0.1f 0.0£0.0 ¢ 0.0+0.0f

Means * standard deviation are presented. The different superscript letters in the same column indicate

significant differences according to the Tukey test (p<0.05, n=3). *Expressed as severity level based on a

scale. **Calculated based on severity levels. RSA: Rhizopus stolonifer A strain; RSC: Rhizopus stolonifer C

strain. BLI: Bacillus licheniformis; BSS: Bacillus subtilis S; LAQ: Leifsonia aquatica; BSL: Bacillus subtilis L;
Control (-): PDB medium; Control (+) Rhizopus stolonifer A or C strains, respectively.

Se presentan las medias + desviacion estandar. Letras superindices diferentes en la misma columna indican
diferencias significativas de acuerdo a la prueba de Tukey (p<0,05, n=3). * Nivel de severidad basado en
una escala. **Calculado con base en los niveles de severidad. RSA: Rhizopus stolonifer cepa A; RSC: Rhizopus
stolonifera cepa C. BLI: Bacillus licheniformis; BSS: Bacillus subtilis S; LAQ: Leifsonia aquatica; BSL: Bacillus

subtilis L; Control (-): medio PDB; Control (+) Rhizopus stolonifer cepas A 6 C respectivamente.

In this study, the R. stolonifer strains
isolated from blackberries were capable of
causing soft rot in the fruits even if they did
not have any mechanical damage, for they
are polydrupes, and this type of aggregates
makes them susceptible to damages and
hinders their treatment before selection
for trade. Therefore, these berries are often
packed without ensuring their preser-
vation from pathogen attacks (20).

In this work, the effect of native bacteria
of blackberry plants was evaluated, as
well as their cell-free supernatants (CFE)
in the control of soft rot of Brazos variety
blackberry fruits (Rubus fruticosus).
Interestingly, the growth of RSA was signifi-
cantly reduced upon applying the CS of BSS,
showing an inhibition percentage of 45.8%.
These results coincide with those reported
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by Wang, et al. (2013) who used the
B. subtilis SM21 strain to reduce by 37.2%
the rot caused by R. stolonifer in peaches.
Bonaterra et al. (2003) also reported the
control of R. stolonifer in fruits damaged
and subsequently treated by the Pantoea
agglomerans EPS125 strain in different
cultivars, such as nectarines (80-100%),
apricots (60-97%) and peaches (76-86%).

Moreover, the use of cell-free superna-
tants (CFE) of the 4 bacterial strains tested
in this study against R. stolonifer, allowed
to confirm that they may be effective to
control the pathogen, thus reducing the
potentialrisks ofapplyingbacterial directly
cells to the fruits. This coincides with the
proposal of Janisiewicz, W. and Roitman, J.
(1988), who have proposed that the use of
cell-free supernatants poses a lower risk
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to human health than the application of
living bacterial cells. Said authors applied
B. subtilis 155 in vitro cell-free superna-
tants to inhibit the growth of gray mold
caused by Botrytis cinerea with positive
results. In contrast to the aforementioned
study, in this work the evaluation was
in vivo; however, the effect of CFE of BSS
on postharvest disease control was shown
with a 47.7% RSC development inhibition.
In addition, the controlling capacity of CFE
of LAQ was observed with a 39.7% RSA
growth inhibition and a 41.8% of RSC and,
as far as you know, this is the first report
of the antagonistic effect of this bacterium
and its CFE against soft rot caused by R.
stolonifer in blackberries. Similar results
were reported by using CFE of Bacillus
licheniformis (EN74-1) to control gray
mold in apple fruits, caused by Botrytis
mali, accomplishing 58.8% of the
pathogen growth (17). The CFE of Pseudo-
monas syringae showed antifungal activity
against Penicillium digitatum, although
this was lower than that obtained when
the bacterial cells were applied (22).
Biocontrol may be understood as
a dynamic process where interactions
among fruit-pathogen-antagonist play
a decisive role to preserve the system's
integrity. Therefore, the biocontrolling
activity of the four bacterial strains used
in this study may have been the result of
a combination of different mechanisms.
In this regard, it has been proven that the
strains pertaining to the Bacillus species,
including B. subtilis and B. licheniformis,
are capable of producing surfactants,
such as: surfactin, iturin A and amicou-
macin, with antagonistic activity capable
of restricting pathogenic action (14, 25).
This does not exclude the controlling
capacity of B. subtilis through the
production of antibiotics, siderophores
and certain volatile compounds (more
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than 21 different volatile compounds with
biocontrol activity have been reported)
(3). Regarding the test with FeCl -enriched
medium, an increase in the inhibition
percentages was observed in two of the
four bacterial strains used in comparison
with the iron-free medium tests. LAQ was
capable of inhibiting RSA growth with
an antimycotic index of 48.6% versus a
36.4% of the iron-free medium and the
RSC with an antifungal index of 47% of the
FeCl, medium versus a 41.9% of the iron-
free medium, which suggests that one of
the mechanisms used by both strains to
accomplish the control of the pathogen
was the production of siderophores.

On the other hand, the results obtained
in the inhibition of spore germination of
the RSC strain showed that the four strains
studied produce substances capable of
inhibiting their germination; BLI and BSS
strains were able to obtain high spore
germination  inhibition = percentages
(93.9% and 81.2%, respectively) after 48 h.
Furthermore, BSL and LAQ treatments
were able to lyse the RSC spores after
12 h (96 and 91%, respectively). These
results coincide with the observations by
Bryk et al. (1998), who reported that this
mechanism was used by Erwinia herbicola
to control B. cinerea and P, expansum.

Other authors attribute similar effects
to the production of lytic enzymes, such
as chitinases and glucanases by bacteria
such as B. subtilis, which act on the cell
wall of the pathogen compromising its
integrity (21). Thus, the lysis of the spores
is a mechanism that may have contributed
to the inhibition of the pathogen germi-
nation observed. This early lysis capacity
of the pathogen’s spores may be funda-
mental to provide blackberry fruits with
protection against postharvest diseases,
given that the antagonist must act during
the first stages of the infection of the fruit.
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These results coincide with those
reported by Panebianco et al (2015),
who observed that the P. digitatum spore
germination inhibition by a P syringae
strain in liquid medium after 24 h ranged
between 70-100%. Similar results were
also observed by Ghosh et al (2015),
who reported R. stolonifer VBAM1
spore inhibition germination by the
CFE of Burkholderia cenocepacia VBC7,
Pseudomonas poae VBK1 (95%) and three
lactic acid bacteria strains (97%). Even
though the role of the Leifsonia species
in the blackberry agroecosystem has
not been yet elucidated, it is well known
that this bacterial species are capable of
producing biofilms involved in protective
and food competition effects (27). It
has been reported that oligopeptides,
surfactants, and siderophores produced
by some bacterial strains are capable of
acting as inducing molecules that increase
enzymes’ activity, such as phenylalanine
ammonia-lyase, polyphenol oxidase and
superoxide dismutase, which are related
to fruit defense mechanisms; as well as
catalase and peroxidase which act as post-
harvest detoxifying agents in the fruit, as
it was observed with the application of a
cell suspension of Pseudomonas putida
in papaya (31, 37). In this work, the four
strains used were capable of producing
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