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Abstract

The production of chili seedlings (Capsicum annuum L.) in seedlings is affected by the disease
known as “damping off”. Its prevention and treatment is done regularly by fungicides, whose effects
on the fungi that cause this disease are not always effective, but they do represent environmental
problems. Given this situation, biological control acquires greater relevance. In the present work three
strains of phytopathogenic fungi of the genus Fusarium spp. (FP, FN and FA, by the colors purple,
orange and yellow developed, respectively). As for bacterial strains, 18 strains of rhizobacteria (B)
were selected, which were compared in vitro with the three strains of Fusarium and one of
Rhizotocnia (R). Strain B23 was the most efficient in inhibiting the growth of the phytopathogens
studied, reducing the growth of FP, FN and FA (50, 44 and 47%, respectively) and R (56%); the
production of AIA varied between 1.24 and 11.32 pug mL™, the highest solubilization of inorganic
phosphate (104 ug mL™) was obtained with B8. When evaluating the effect of B7, B9, B15 and B23
on the survival of chili seedlings inoculated with Fusarium sp. and Rhizotocnia sp., it was observed
that the B7 and B23 strains were the ones that had the greatest effect on the survival of the seedlings
during the first 34 days, with values of between 80 to 100%, while in the control seedlings it was
between 30 and 50%. On the other hand, strains B8 and B9 were identified molecularly as
Pseudomonas chlororaphis; B7 and B14 as Pseudomonas sp.; B15 as Pseudomonas protegens and
B23 as Bacillus sp. The presented results show the potential of the use of bacteria as growth
promoters and biocontrol agents of fungi causing the damping off in “guajillo” type chili seedlings.
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Introduction

In Mexico, the disease known as early drying or “damping off ” is considered the main
phytosanitary problem in the seedling phase of the pepper crop (Velasquez-Valle et al., 2007)
and is attributed to a complex of pathogenic fungi that includes to Phytophthora capsici,
Fusarium spp., Rhizoctonia solani, Sclerotium rolfsii and Pythium sp. (Velazquez-Valle et al.,
2013). Seedlings can be affected in two ways: wilting of the plant as a consequence of rotting
of its roots and involvement at the base of the stem (neck); both symptoms cause the collapse
of the seedlings (Goldberg, 1995). The incidence of diseased seedlings in nurseries can reach
up to 29% and constitute a source of inoculum that farmers transfer to the field during the
transplant; crop losses in nursery, field and harvest can vary between 10 to 100% (Montero-
Tavera et al., 2013).

The use of chemical fungicides for the control of phytopathogens is not always effective
(Huang et al., 2012), in addition to causing pollution and harmful effects for human health and
the environment (Gomathi and Ambikapathy, 2011). An alternative for the control of diseases
caused by these fungi is the use of plant growth promoting rhizobacteria (PGPR) (Kloepper
and Schroth 1981), which do not have negative effects on the environment (Mehetre and Kale
et al., 2011).

The PGPR can act as: a) biocontrol agents of diseases, through competition for space or food, or
through the production of antibiotics and induction of plant defense systems (Matar et al., 2009),
decreasing or preventing disease (Saravanakumar et al., 2008); b) growth promoters, through the
production of growth regulators, as in the case of auxin-3-acetic acid (AlA) (Goswami et al., 2015),
synthesized by approximately 80% of the rhizobacteria (Ahmad et al., 2005), having as an effect a
greater nutrient uptake and consequently promoting the growth and yield of the crops; and c)
inorganic phosphate solubilizers through the secretion of phosphatases and organic acids that
release the unavailable mineral or organic P, estimating that 40% of the PGPR present this capacity
(Richardson et al., 2011).

The objective of this study was to characterize in vitro 18 bacterial isolates based on their ability
to inhibit the growth of four fungal wilt fungi in chili pepper seedlings, their ability to produce
indoleacetic acid and the solubilization of inorganic phosphate.

Materials and methods

Microbial isolations. Sampling of rhizospheric maize soil (Zea mays L.) established in an
agroforestry module (22° 43’ 08.4” north latitude, 101° 48> 17.7” west longitude) located in The
Palma Pegada, municipality of Salinas, SLP was carried out, with an elevation of 2 222 meters
above sea level, where the previous crop was chili. Isolation of the strains was performed as
described by Kavitha et al. (2005), but the culture medium used was yeast-glucose-agar peptone
(YPGA) (De Leon et al., 2008), incubating at 28 °C for 24 h. Subsequently, the morphological and
cultural characterization was carried out in a period of 24 h, where the color, shape, elevation and
edge of the colony was considered.
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On the other hand, in seedlings of “guajillo” chili seedlings located in La Dulce Grande (23° 00’
00.1” north latitude 102° 10 29.1” west longitude), municipality of Villa of Ramos, SLP, a
sampling of seedlings that had symptoms of “damping off”. In the laboratory of the Postgraduate
College, Campus San Luis Potosi, the roots and neck of diseased seedlings were washed; they were
then dissected in small portions (2 mm length) and placed in a culture medium potato-dextrose-
agar (PDA, DIBICO) at 28 °C for seven days, after which the purification of the fungal colonies
was carried out, obtaining three strains belonging to the genus Fusarium spp. (F). Additionally, a
strain of Rhizoctonia spp. (R) provided by the Edaphology Laboratory of the Postgraduate College,
Campus Montecillo. The strains were conserved in PDA.

Determination of in vitro microbial antagonism. Reactivation of bacterial and fungal isolates was
performed in YPGA and PDA media, respectively. To evaluate the antifungal activity of 18
bacterial isolates against four pathogenic fungi, the dual culture method was used (Coskuntuna
and Ozer, 2008). The one-day-old bacterial isolates were placed 2 cm from the periphery of the
Petri dish, each in triplicate, and incubating at 28 °C for 24 h; after that period, a 5 mm diameter
disc with fungal mycelium was placed at a distance of 4 cm from the bacteria. The cultures were
incubated at 28 °C, until the control (without bacteria) filled the box. The results were expressed
as the percentage of inhibition corresponding to each of the bacterial strains. The inhibition
percentage was calculated according to Mehetre and Kale (2011).

Production of indoleacetic acid (AlA). The Luria-Bertani liquid medium (Bric et al., 1991)
modified according Goswami et al. (2014), which was incubated at 25 +2 °C in rotating agitation
(New Brunswick Scientific Edison) for five days. The 2 ml of each isolate was taken and
centrifuged at 8 000 rpm; the supernatant of each culture was mixed with the Salkowski reagent
(Balota et al., 1998) in a ratio of 2:1 and incubated in the dark for 30 min, to show the characteristic
color development (pink-violet). Finally, the absorbance of the colored complex was read at 530
nm in a spectrophotometer (Bio Tek Laboratory Instrument, Synergy 2, USA). The concentration
of AIA was determined by means of a standard curve in a range of 0 to 300 pug mL™. For each
isolation, three replications were evaluated using as reference the culture medium without bacterial
inoculum.

Solubilization of inorganic phosphorus. The 18 bacterial strains were inoculated in flasks
containing 20 ml of liquid culture medium Pikovskaya (Pikovskaya, 1948), which had insoluble
tricalcium phosphate [Cas(POa4)2] as the sole source of phosphorus, and incubated at 25 £2 °C in
constant agitation for 7 days. The 2 ml of culture were taken from each vial and centrifuged at 8
000 rpm. The soluble phosphorus of the supernatant was estimated by the blue colorimetric method
of molybdenum (Jackson, 1967) at 480 nm. The corresponding amount of soluble phosphate was
calculated at 7 days of the growth of the culture through a standard curve of soluble phosphate in
a range of 0 to 300 pg mL* (Banerjee et al., 2010).

Seedling survival. This part of the research was conducted under greenhouse conditions. The
guajillo chili seed was seeded in a mixture of peat moss substrates and vermiculite (1:1) previously
sterilized twice at 121° for 1 h, with an interval of 3 days. Seven days after the emergence, the
seedlings were transplanted to unicel trays. A period of 5 days was given for the acclimation of the
seedlings and the inoculation was carried out with 1 mL of bacterial culture containing 10° cells
mL? of each bacterial strain (B7, B9, B15 and B23) selected from the in vitro study.
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The bacteria were applied with a micropipette at the base of the stem of the seedlings. An interval
of 4 days was given to perform the inoculation of the pathogenic fungus (Hassan et al., 2015), the
fungal mycelium came from a 7-day-old culture and was placed where the seedling roots began to
develop. The survival of the seedlings was recorded and in the end the treatment with the greatest
number of surviving plants was obtained, which was attributed to the effect of the inoculated
antagonist bacteria against each phytopathogenic fungus.

Molecular identification of rhizobacteria and fungi. The isolation of genomic DNA from
rhizobacteria B7, B8, B9, B14, B15 and B23 and fungi F. purple, F. orange and F. yellow from
bacterial culture on YPGA nutritional agar for rhizobacteria and PDA for fungi was performed,
using the extraction protocol CTAB and sodium acetate (LaMontagne et al., 2002).
Amplification and sequencing of genomic DNA was carried out at the Potosino Institute for
Scientific and Technological Research (IPICYT). A 16S rRNA gene fragment was amplified
using oligonucleotides 533F (Weisburg et al., 1991) and 1391R (Turner et al., 1999) in a Verity
thermocycler for endpoint PCR (Applied Biosystems). The products obtained were sequenced
with the dideoxynucleotide method labeled in the 3130 Genetic Analyzer sequencer (Applied
Biosystems). The percent identity of the sequences of the 16S rRNA gene fragment with the type
strains was determined using BLASTN from the GenBank database.

Statistical analysis. The behavior of the bacteria in the inhibition of fungal growth, the production
of indoleacetic acid, as well as the solubilization of phosphorus as a reflection of the activity to
reduce the “damping off” were analyzed identifying differences (at 95% reliability.) After to
identify the relevant sources of variation using InfoStat (Di Rienzo, 2014).

Results and discussion

Microbial isolations. A total of 50 strains of rhizobacteria were isolated, of which 18 were selected
taking their growth rate as a criterion in a period of 24 h. On the other hand, three fungal strains
were isolated from chili seedlings, which belong to the genus Fusarium, based on their
pigmentation of the fungal mycelium and the culture medium where they were grown, they were
assigned the nomenclature FP, FN and FA (Fusarium purple, F. orange and F. yellow,
respectively).

Determination of in vitro microbial antagonism. The results obtained in dual culture showed that
strain B23 was statistically the most efficient, inhibiting the mycelial growth of FP (50.02%), FN
(44.05%), FA (46.67%) and Rhizoctonia spp. (R; 55.56%) (Figure 1). These results are similar to
those reported by Rios-Velasco et al. (2016), who report a percentage of growth inhibition of F.
oxysporum of 42 and 51.5% due to the effect of B. methylotrophicus and B. amyloliquefaciens,
respectively, as well as those found by Mojica-Morin et al. (2009), when confronting F. oxisporum
with the strains of B. thuringiensis GM-23 (43.02%) and HD-121 (42.04%) and observed higher
percentages of inhibition for R. solani due to the effect of the GM-64 strains. (66.66%) and HD-
203 (65.99%). On the other hand, Djordjevic et al. (2011), when evaluating 16 bacterial isolates as
antagonists of F. oxisporum, report a higher inhibition percentage (70.98%) on the growth of this
fungus with strain Ab23, with results similar to those found in the present study with the isolates
ADb9 (59.74%), Abl17 (57.7%) and Abl (56.6%).
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In Figure 1A it can be seen that strains B6; B13; B11; B22; B15; B9; B17 and B7 exert a
statistically similar antagonistic effect on Fusarium purple (FP), but different from the rest of
the bacterial strains studied; B23 inhibited FP in 50%. When contrasting the 18 bacterial strains
with Fusarium orange (FN) it was found that strains B23 and B9 showed a percentage of
inhibition of 44.05 and 42.86%, respectively, which was higher than the rest of the treatments
(Figure 1B).

While strains B7 and B15 inhibited fungal growth of Fusarium yellow (FA) by 30%, and with
strain B23 almost reached 50% (Figure 1C). On the other hand, percentages of Rhizoctonia
growth inhibition of 47.7, 42.2 and 35.5% were found when comparing strains B7, B15 and
B14 respectively (Figure 1D). Finally, strains B3, B4, B5, B10, B20, B24 had no inhibitory
effect on the four phytopathogens studied, which indicates that these strains were not able to
produce a sufficient amount of substances that can inhibit the growth of pathogens, so that a
threshold that allows them to exhibit an antagonistic response is not reached (Figueroa-L6pez
et al., 2016).
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Figure 1. Inhibitory effect of 18 bacterial strains on the mycelial growth of four phytopathogenic
fungi. A) Fusarium Purple, B) Fusarium Orange, C) Fusarium Yellow and D) Rhizoctonia.
Negative values indicate growth stimulation.

It is well documented that the antagonistic effect of rhizobacteria on the inhibition of the growth
of phytopathogens is due to the synthesis of secondary metabolites (Khannous et al., 2014). Trivedi
et al. (2008) showed that volatile metabolites produced by Pseudomonas corrugata play a
predominant role in the inhibition of fungi F. oxysporum and A. alternata, while diffusible
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metabolites play only a secondary role. On the other hand, it has been shown that some species of
Pseudomonas produce lytic enzymes, which can break the cell membranes of some
phytopathogenic fungi; the best known are: chitinases, cellulases, proteases and 1,3-glucanases
(Compant et al., 2005).

Production of indoleacetic acid (AlA). The production of AIA is a property of some
rhizobacteria to stimulate and facilitate plant growth (Mohite, 2013). This auxin is a product
derived from the metabolism of L-tryptophan produced by several soil microorganisms,
including PGPR (Goswami et al., 2015). In the present work, when analyzing the AIA
production of 18 bacterial isolates from the maize rhizosphere, a variation of 1.3 to 11.2 pg
mL* was found. The production of AIA significantly higher (p< 0.05) corresponded to B14
and the lowest to B4 (Figure 2).

These results agree with those reported in several investigations, where the production of AlA in
bacterial strains coming from the maize rhizosphere was evaluated. Noh et al. (2014) mention a
production of 3.3 ug mL* of AIA. On the other hand, Josic et al. (2012) point out that when adding
5mM of tryptophan to the King B liquid medium, the concentration of AIA increased from 8.6 to
26 ng mL in strain Q4m (Pseudomonas sp.). It has been observed that the production of AIA by
rhizobacteria varies between different species and strains; which is influenced by the growing
conditions, growth stage and substrate availability (Mirza et al., 2001).
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Figure 2. Production of indoleacetic acid from 18 bacterial isolates from the corn rhizosphere.
Averages with different letters indicate significant differences (Tukey 0.05).

According to the production of AIA in vitro, the rhizobacteria can be divided into three groups:
low (1 to 10 pg mL™1), medium (11 to 20 ug mL™Y) and high producing (21 to 30 pg mL™?) of AIA
(Rojas et al., 2010). According to this classification, most of the strains analyzed in the present
study are classified as low producers of indoleacetic acid. However, not all bacteria that produce a
high amount of AIA stimulate plant growth (Noh et al., 2014). For example, Agrobacterium
tumefaciens produces up to 78 pg mL™ of AIA, which induces the development of the disease
known as “crown gill” (Lara et al., 2011), while lower concentrations (1.1 to 12.1 pg mL™)
increased the growth of wheat plants in vitro (Khalid et al., 2004).
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Ramirez-Malagon and Ochoa-Alejo (1996), in an in vitro study showed that the AIA has an effect
on the induction and growth of adventitious buds of the pepper culture, being its concentration the
one that determines the type of response. Pefia et al. (2016) report an AIA production, between 4.0
to 24.3 pg mL? in five Bacillus species, which is sufficient to promote the growth of Capsicum
annuum L. Therefore, in the present study eight strains can be considered promising for promote
the growth of the chili crop.

Solubilization of inorganic phosphorus. The amount of inorganic phosphate (Pi) dissolved in
the culture medium varied among the different isolates (Figure 3). Strain B8 was the one that
solubilized the highest amount of Pi (100.4 ug mL™), followed by strain B14, with which 80.92
nug mL? and then B17 and B21 were recorded (60.67 and 56.39 pg mL™?, respectively). The
amount of phosphate solubilized by the rest of the strains, with the exception of B10 and B9
(null effect), was found in the range of 2.21 to 49.12 ug mL™. The results recorded in strains
B8, B14 and B17 are superior to those reported by Nautiyal (1999), who found a variation of
8 to 35 pg mLt in five species of Pseudomonas and from 8 to 17 ug mL* in three Bacillus
species.

It has been pointed out that bacteria solubilize Pi through the production of CO», organic acids,
proton excretion and NH4" assimilation. The most important mechanism of solubilization of
calcium phosphate is acidification through the biosynthesis and secretion of organic acids
(Paredes and Espinosa, 2009). Such organic acids can directly dissolve the Pi as a result of the
exchange of phosphate anions by an acid anion or by chelating the Fe, Al and Ca ions associated
with P (Omar, 1998), which consequently increases the bioavailability of P, which can be
exploited by the crops or the wild flora present.
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Figure 3. Phosphate solubilized by bacterial isolates. Columns with different letters indicate significant
differences (Tukey 0.05).

Seedling survival. When evaluating the effect of strains B7, B9, B15 and B23 on the survival
of chili seedlings inoculated with Fusarium spp. (FA, FP and FN) and Rhizotocnia sp. (R), we
observe in Figure 4 (a, b and d) 100% survival in seedlings inoculated with B23 and a survival
in control plants of FP, FA and R of 80, 77.8 and 83%, respectively (only inoculated with the
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pathogen) at eight days. In this same period, 100% survival was also observed when inoculating
B9 and B15 for the case of FP (4a) and B15 for the case of Rhizoctonia (Figure 4d). It is
observed that from 34 to 60 days, there is a decrease in the survival of the control seedlings in
comparison with the seedlings inoculated with rhizobacteria. On the other hand, only strains
B7 and B23 have an effect on the survival of FA infected seedlings up to 55 days (Figure 4b),
this survival coincides with that reported by Abdel-Monaim (2013) who obtained 72% and
76.34% of survival by Bacillus megaterium in bean plants in two different seasons, whose
plants were infested with the pathogens R. solani, F. solani, F. oxysporum and M. phaseolina
causing damping off to the plant.
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Figure 4. Effect of four antagonistic bacteria on the survival of “guajillo” chili seedlings inoculated
with different phytopathogenic fungi. a) Fusarium Purple; b) F. yellow; ¢) F. orange; and
d) Rhizoctonia.

With respect to the fungus FN (Figure 4c), both in control seedlings and in the seedlings inoculated
with B7 and B23, 100% survival was recorded. This same trend is maintained until 34 days for the
case of control seedlings and those inoculated with B7. The behavior of the control seedlings could
possibly be due to the fact that the amount of fungal mycelium was not enough for this fungus to
express virulence in the first 34 days or that its effect to cause the disease is later than the other
pathogens used in the present study.

Finally, for the case of Rhizotocnia spp., Strain B7 had an effect on the survival of the seedlings,

because it was 80% until 55 days, while the control seedlings were 41.4% (Figure 4d). In this
regard, Toppo and Tiwari (2015), report a variation in the survival of tomato seedlings (of 30
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days) infected with Rhizoctonia which varied between 93.33 to 46.67.6% when inoculating
Pseudomonas alcaligenes PKJ25 and Pseudomonas PKS10. In the present study, at 34 days,
the highest survival was 83.3 and the lowest was 46.2% when inoculating B7 and B23,
respectively.

Molecular identification of rhizobacteria and fungi. Isolates B8 and B9 were identified as
Pseudomonas chlororaphis; B7 and B14 as Pseudomonas sp. and B15 as Pseudomonas
protegens. For its part, B23 was identified as Bacillus sp. All presented an identity 99%, with
a coverage of 100%. The genus Pseudomonas is composed of gram-negative bacteria, which
belong to the y-Proteobacteria, are distributed in a wide variety of environments and are known
for their metabolic versatility in the use of organic compounds as carbon and energy sources
(Lessie and Phibbs, 1984; Wu et al., 2011) and in the production of various secondary
metabolites (Gross and Loper, 2009). Pseudomonas is one of the most complex bacterial
groups, with more than 100 species described so far, in which there is the presence of groups
and subgroups.

The group of Pseudomonas flourescens contains several species (P. brassicacearum, P.
protegens, P. chlororaphis and P. fluorescence), described as PGPR for its ability to suppress
disease-causing pathogens (Raajimakers et al., 2009) and produce antibiotics or secondary
metabolites (Gross and Loper, 2009) that make them very viable for biotechnological
applications (Saravanakumar et al., 2008). Bacterial identification through the 16S ribosomal
gene has been widely used; however, it is well known that nearby bacterial species cannot be
differentiated by the use of this gene due to its high conservation rate (Fox et al., 1992; Kampfer
and Glaeser, 2012), so the use of the analysis of multilocus sequences by the use of other genes
as molecular markers: rpoB, rpoD, gyrB (Yamamoto et al., 2000; Ait Toyeb et al., 2005),
allowing identification up to the species level.

In this work, by using the 16S rRNA gene as the only molecular marker, it was possible to
designate the obtained isolates, which belong to Pseudomonas and Bacillus, up to gender level.
Members of these genera have been reported as PGPR, with different mechanisms such as
production of phytohormones, suppression of pathogens or producers of secondary metabolites
of biotechnological interest.

On the other hand, FP and FN fungal isolates correspond to Fusarium sp.; the first with 93%
identity and coverage 84% and the second with 86% identity and 80 coverage. F. yellow
corresponds to a non-cultivated fungus, with 94% identity and 33% coverage. Fusarium sp
belongs to the family Nectriaceae. The genus Fusarium is a group of filamentous fungi widely
distributed in soil and plants. Due to their ability to grow at 37 °C, they are considered
opportunistic (Tapia and Amaro, 2014). Santos (2010) mentions Fusarium sp. as one of the main
causal agents of the wilt of the chili that diminishes the yield of the crop.

Conclusions
Strain B23 was found to be the most efficient in inhibiting the growth of the four pathogenic fungi

evaluated, Rhizoctonia (56%), F. purple (50%), F. yellow (47%) and F. orange (44%), whereas
strain B14 was the most outstanding in the production of IAA (11.2 ug mL™). On the other hand,
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strain B8 showed the highest solubilization of phosphate (104.4 ug mL™?). The Bacteria isolated
from the rhizosphere of maize, in a plot with previous cultivation of chili, have antagonistic
capacity against four strains of phytopathogenic fungi, in addition to showing growth promoting
activity (production of AlA and solubilization of inorganic phosphorus).

On the survival of chili seedlings, strain B7 maintained the highest survival of seedlings in time,
while those inoculated with B15 were those that died in greater proportion and in less time. The
results of this study suggest that diseases caused by Fusarium or Rhizoctonia can be effectively
managed through the use of antagonistic bacteria such as B23, or the promotion of plant growth
through the use of bacterial strains such as B14 and B8, decreasing damage to the environment
and health. In addition, the use of phosphate solubilizing microorganisms as an inoculant in seeds
and seedlings can represent a biotechnological alternative to increase the availability of
phosphorus for crops.
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