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Abstract

Background: Fungal stem end rot disease of pitaya caused by Alternaria alternata is one of the most destructive
diseases in Binh Thuan province, Vietnam. This study aimed to assess the antagonistic effects of some endophytic

the field conditions.

bacteria isolated from the weed plant (Echinochloa colonum) against A. alternata.

Results: A total of 19 endophytic bacteria were isolated and 5 of them presented in vitro antagonistic activity
against A. alternata. Of five, strain EC80 significantly inhibited the pathogenic growth with a mean inhibition
diameter of 11.88 + 0.08 mm, while the other four (C79, EC83, EC90, and EC97) showed a weak inhibition.
Interestingly, the combination of EC79 and EC80 reduced more biomass of pathogenic fungi than the single one
did. EC79 showed positive results for amylase, indole acetic acid (IAA), and biofilm production, whereas EC80
presented positive capabilities for IAA and biofilm production and a negative one for amylase production. In
addition, the combined filtrate of EC79 and EC80 presented non-antifungal activity on biocontrol tests in vitro,
indicating that bacteria cells played a role in defending against the pathogen. Moreover, both isolates EC79 and
EC80 significantly increased seedling biomass than the control.

Conclusions: The results suggest that those two strains in combination had the potential to be used as a
biocontrol agent against A. alternata. More studies should be done in the future to evaluate their efficiency under
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Background

Pitaya is one of the main fruity cultivars in Vietnam,
which is native from Mexico and belongs to two species
of the genus Hylocereus: H. undatus (white flesh, ac-
counting for more than 95% of production) and H. cost-
aricensis (red flesh, about 4.5% of production) (Hoa
Nguyen Van et al. 2014). In recent years, the pest takes a
part in decreasing productivity and the quality of prod-
ucts, especially the stem end rot diseases that are caused
by the fungus, Alternaria sp. (Hoa Nguyen Van et al.
2014). Currently, the disease situation is happening very
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complicatedly, spreading rapidly on a large scale, and
thriving in the rainy season. Use of plant protection che-
micals derived from Aviso 350SC, Simolex 720WP,
Manozeb 80WP to control pitaya stem end rot disease is
relatively effective, but their residues in the product are
the biggest barrier to pitaya export to some markets
such as the European Union, the USA, and Japan.
Therefore, research using microorganisms as a biological
agent to control the disease is an emerging research dir-
ection to meet the requirements for safe products, for
export and domestic consumption, and for contribution
to limiting the chemical use in agricultural production.
In agroecosystems, weeds exist parallelly with crops
and are well adapted to the environment and grow or re-
produce aggressively in association with crops (Blanco
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2016). Echinochloa colonum is a weed plant that has a
wide range of habitats such as cultivated areas, waste
grounds, ditches, and fields. It forms an important asso-
ciation with 35 crops in more than 60 countries (Rao
et al. 2007). Besides, E. colonum has a rapid growth, a
great competitive ability, and a severe infestation leading
to substantial crop yield reductions. This might be the
result of endophytic bacterial associates. Endophytic bac-
teria living in the weeds could benefit their weed host in
various ways such as the production of bioactive com-
pounds or the generation of induced systemic resistance
(Samad et al. 2017; Khan et al. 2020; De Hita et al.
2020). Some studies have been carried out to find these
interesting bacteria and to search for their beneficial
usage in crop production (Lafi et al. 2016, 2017; Khan
et al. 2020). For example, the endophytic bacteria iso-
lated from Echinochloa crusgalli can promote plant
growth and especially can degrade monoaromatic com-
pounds (phenol, toluene, and xylene) and diesel. Hence,
the application of weed endophytic bacteria in the bio-
control of plant diseases for sustainable agriculture can
be a very promising tool because of their short lifecycle
and high selection of antagonistic form.

In Vietnam, although some commercial products are
available, using antagonistic fungi, there are no studies
that have reported the discovering of endophytic bac-
teria from weeds and their potential usage in sustainable
crop production. Therefore, this study aimed to explore
the antagonistic form of endophytic bacteria from the
weed (E. colonum) on A. alternata, a casual of pitaya
stem end rot disease in Vietnam.

Methods

Isolation of endophytic bacteria from E. colonum

The potential bacterial antagonists were isolated from
the stems, roots, and leaves of healthy E. colonum col-
lected from different locations of Binh Thuan province,
Vietnam, during June 2019. The samples were immedi-
ately washed under tap water to remove dust and soil.
The fragments were disinfected by successive treatment
with ethanol 70% (1 min) and exhaustively rinsed several
times with sterilized distilled water. The fragments were
then submitted in mercuric chloride 0.01% (available
chlorine) for 5 min and then rinsed again with sterilized
distilled water for 3 times. Aliquots of 0.1 ml of the last
wash water were inoculated onto the media plates of LB
(yeast extract 5 g/l, tryptone 10 g/, NaCl 5 g/l, agar 15 g/
1, pH7.0-7.5) to check the effectiveness of the disinfec-
tion process. After the disinfection, samples were cut
into fragments (5 x 5 mm) and placed onto the LB plates
for the isolation of bacteria. The sterile distilled water
uninoculated on LB plates were done as respective con-
trols. All the plates were incubated at 28 °C for 7 days
and observed daily for the growth of a different type of
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bacterial colonies. The observed colonies were picked up
and subcultured on new LB plates several times by re-
peated streaking (Quadrant streaking) till single type and
isolated colonies were obtained. The obtained pure cul-
tures were inoculated onto LB slants. After overnight in-
cubation at 28°C, they were stored at 4°C till further
use.

Antagonist activity of bacterial isolates in vitro

All isolated bacteria were tested for antifungal activity.
On a sterile potato dextrose agar (PDA, potato infusion
200 g/1; dextrose 20 g/l; agar 15 g/l; pH = 7.0-7.3) plate,
a cylinder of a 1-cm® fungal plug (A. alternata) was
placed in the center and each bacterial isolate was inocu-
lated using a sterile stick at a distance of 2.5cm from
the fungus. Then, the plates were incubated at 28 °C for
72 h. The control plate was inoculated with only phyto-
pathogenic fungi. The strains that showed an inhibition
of the fungal growth were selected and preserved. The
inhibition of mycelial growth was observed after 5 or 7
days. The antimicrobial activity was determined by
measuring the diameter of the zone of inhibition that is
the mean of triplicates + SE of 3 replicates.

Biocontrol of combined strains on A. alternata

In addition, the inhibition of possible combinations of
those bacteria against A. alternata was investigated. A
separate experiment with the isolates’ strains was carried
out to indicate the occurrence of competition on LB.
The bacteria were cultured individually overnight. The
cultures were mixed by a 1:1 ratio and inoculated as de-
scribed in the standard antagonism test. After 2 weeks of
incubation, the bacterial colony development was ob-
served, and the antagonism ability of the combination
was also determined.

Antifungal activity of extracellular filtrates

The overnight culture of the isolated bacterium with an-
tifungal activity was used and filtrated to obtain extracel-
lular filtrates. Then, biocontrol assays were carried out
with the supernatant. After that, the plate incubation
was done at 28 °C for 120 h and verified every 12 h. The
indicator for the antifungal activity of filtrate was the
fungal growth inhibition.

In vitro assay of antifungal isolates
Amylase, IAA, and biofilm production

Amylase detection The bacteria were inoculated in the
LB agar containing 1% starch (Biobasic, Canada). The
starch agar plates were incubated at 37°C for 2 days
after which they were flooded with Lugol’s iodine solu-
tion (iodine 0.2 g, potassium iodide 0.4 g, distilled water
100 ml) for 2 min. The control experiment was also set
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up, using LB plates without the inducing substrate
(starch). The plates were observed for a clear zone of hy-
drolyzed starch against a blue background of unhydro-
lyzed starch. The experiment was replicated thrice.

Detection of IAA Indole acetic acid production was
evaluated in LB agar media supplemented with 1% tryp-
tophan (Shrivastava and Kumar 2011). The wells were
made on the media plates by means of a sterile inverted
1-ml tip. Then, 200 ul of overnight grown culture was
pipetted into each well and incubated at 30 °C overnight.
After that, using tissue paper to remove the cultures
gently from the wells was done and 200 pl of IAA re-
agent was added into the empty well. In the next 5-10
min, an appearance of the pink halo zone around wells
means the IAA production and the halo zone was mea-
sured including the whole cavity.

Biofilm formation A total of antifungal isolates was
subjected to biofilm detection methods described by
Christensen et al. (1995). A loopful of test organisms
was inoculated in 10 ml of LB in test tubes. The tubes
were incubated at 37 °C for 24 h. After incubation, tubes
were decanted and washed with phosphate-buffered sa-
line (pH 7.3) and dried. Tubes were then stained by crys-
tal violet (0.1%). The excess stain was washed by
deionized water. Tubes were dried in an inverted pos-
ition. The scoring for the tube method was done accord-
ing to the results of the control strains. Biofilm
formation was considered positive when a visible film
lined the wall and the bottom of the tube. The amount
of biofilm formed was scored as 1—weak/none, 2—mod-
erate, and 3—high/strong. The experiment was per-
formed in triplicate and repeated three times.

Greenhouse experiment

Pitaya seeds were surface sterilized by 2% sodium hypo-
chlorite for 2 min, rinsed thoroughly in sterile distilled
water (SDW), and let dry on sterile discs of Whatman
filter paper placed inside Petri dishes. Covering the
pitaya seeds with the antagonistic bacterial suspensions
(108 CFUml™) was carried out and then the bacterized
seeds were incubated at 28 °C for 72 h before sowing. In
parallel, a mixture that included equal parts of peat,
sand, and field soil was prepared and autoclaved twice
for 20min at 120°C with 24 h between autoclavings.
Plastic pots (6 x 6 x 5.5 cm) were filled by a sterile sub-
strate. The bacterized seeds were added 1 ml of bacterial
suspensions before covered with soil. For negative con-
trol, seeds were treated with SDW instead of the bacter-
ial suspension. Pots containing the treated seeds were
placed in the greenhouse according to a completely ran-
domized block experimental design. For each treatment,
15 pots each containing 3 seeds were used. All
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treatments were designed in completely randomized ex-
periments and 15 replicates for each treatment. Plant
growth parameters were recorded 45 days after sowing,
using parameters as follows: percentage of seed germin-
ation, seedling height, and the fresh and dry weight of
shoots. The experiment was repeated once.

Statistical analyses

Data analysis was done with significance (P < 0.05) of
treatment effects using one-way ANOVA, followed by
post hoc comparisons (Tukey’s HSD). Plant growth pro-
moting activity of endophytic bacteria was determined
by calculating the percentage increases in seed germin-
ation and plant growth parameters. The significance of
the results was determined by Duncan’s tests.

Results

Isolation of bacterial endophytes

A total of 19 endophytic bacteria were isolated from E.
colonum collected at different locations of Binh Thuan
province, Vietnam, during June 2019. The number of iso-
lates recovered was 6 from roots, which represents 31.58%
of the total, 5 from stems (26.31%), 8 from leaves
(52.11%). All 19 isolates were investigated for their antag-
onistic activity against the pitaya fungal pathogens A.
alternata. The screening method for this study is based
on growth inhibition of at least one of the assayed patho-
gen; only 5 isolates (26.31%) with inhibiting effects of the
pathogenic fungi in vitro were selected and their inhibited
ability was found to be different when grown in the pres-
ence of the pathogenic fungi as well (Table 1). Among 5
bacteria with antimicrobial activity, strain EC80 showed a
significant inhibition of pathogenic growth with a mean
inhibition diameter of 11.88 + 0.08 mm. The other strains
including EC79, EC83, EC90, and EC97 presented weak
inhibition effects on the mycelial growth of A. alternata,
with mean inhibition diameter of 2.17 + 0.12, 2.11 + 0.14,
2.21 + 0.10, and 1.99 + 0.13 mm, respectively (Table 1).

In addition, the synergism of these antagonistic bac-
teria was also investigated. The results showed that the
bacterial combination of EC79 and ECS80 significantly
inhibited the fungal growth and the inhibition was much
stronger than that by the individual strains (Fig. 1). As
shown in the figure, the combination of EC80 with E79
presented a dramatic inhibition of mycelial growth with
(1512 + 0.41 mm) (illustrated in Fig. 2), while other
combinations of EC80 showed less with a mean diameter
of inhibition zone ranging from 11.21 + 0.31 to 12.11 +
0.19 mm. The rest of the combined formula showed no
improvement in inhibiting fungal growth.

To determine the effective part of the combined bac-
terial culture of EC79 and EC80, the supernatant was
collected and tested for antifungal activities. The results
showed that the supernatant presented non-antifungal
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Table 1 In vitro inhibition of growth of Alternaria alternata by single bacterial antagonists on PDA medium

Strains Mean diameter of inhibition zone (mm)? Degree of antagonismb
EC79 117 +£012° +

EC80 11.88 + 0.08° +++

EC83 211 +014° +

EC90 221+ 010 +

EC97 199 +0.13° +

A. alternata + sterile distilled water

“Values in the same column with the same letter(s) are not significantly different as determined by the LSD test (P = 0.01)
PWeak “+" (1-5.99 mm), moderate “++" (6-10.99 mm), strong “+++" (11-20 mm), inhibition effects on the growth of the pathogen

inhibition indicating that cells played vital roles in the
inhibition of the disease (Fig. 2).

Amylase, IAA, and biofilm production

These two bacteria strains have also been investigated
for amylase, IAA, and biofilm production. The results
are summarized in Table 2. As shown in the table, EC79
produced amylase, IAA, and biofilm, while EC80 had the
ability to the production of IAA and biofilm but did not
have amylase activity.

Out of the two tested bacteria, only EC79 strain pro-
duced a clear halo zone on LB medium supplemented
with 1% of starch when flooding with Lugol’s solution, in-
dicating amylase production. In addition, both strains,
EC79 and ECB80, possessed the ability to produce IAA, but
EC79 produce IAA stronger than EC80 that was proved
by the pink color observed. The results also presented the
dark violet color on the Eppendorf wall meaning both
strains have the ability in biofilm formation.

Evaluation of plant growth promotion activity of
endophytic bacteria

All strains had positive effects on the germination of
pitaya seeds. Bacterized seeds started to germinate early.

[e4) N (o)}
h h h

Inhibition zone (mm)
S

Fig. 1 Effect of co-culturing of five endophytic bacterial strains on
fungal growth of Alternaria alternata. Fungal growth data are given
for PDA agar plates inoculated with single bacterial strains and
mixtures of these strains. Error bars denote standard deviations
(three replicates). Different letters indicate significant differences (P <
0.05) between treatments

The percentage of germinated seeds was greater than in
the controls in vivo (Table 3). EC79 was the most active
one: at 10 days after bacterization, more than 82% of the
seeds were germinated as opposed to 53% of the con-
trols. After 15 days, the germination rate of EC70 treated
seeds reached 100%, while this ratio of EC80-treated
seeds was 77.7%. The seeds treated by SDW got the least
effective in vivo with a germination rate of 75.5%.

Bacterized pitaya plants had increased growth parame-
ters in greenhouse trials (Table 4 and Fig. 3). As shown
in the table, endophytic bacteria particularly improved
the shoot mass of plants since mean fresh and dry
weights increased. EC79 strain was the most effective
strain.

Their activity is illustrated in Fig. 3, where the results
are presented as proportional (%) increases in the per-
centage of plant growth parameters. These two bacterial
strains produced marked increases in whole plant dry
weights in vivo: EC79 increased shoot dry weight of
(31.25%), which was higher than the parameters of seeds
bacterized with EC80 (20%).

Discussion

Using biological control in pests and disease management
for sustainable agriculture is a safer alternative method for
the replacement of chemical pesticides, which are often
deposited in soils and accumulated in plants (Nogérska
et al. 2007; Khan et al. 2020; De Hita et al. 2020). Among
biological sources, microorganisms have been used as a
biocontrol agent and endophytic bacteria were reported as
an emerging source contributing to the suppression or in-
hibition of the phytopathogenic growth (Raaijmakers et al.
2002). In this study, endophytic bacteria were isolated
from the weed (E. colonum) to explore their potential as a
biological agent in the integrated management of stem
end rot caused by A. alternata.

The results showed that of the 19 endophytic bacteria
isolated, only 5 presented antifungal activity over the
studied fungi through diffusible substances in agar.
However, the extracellular filtrates collected from these
same microorganisms showed non-antifungal activity.
Previous studies have proved that the bacteria can
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Fig. 2 Co-culturing of two endophytic bacterial strains on fungal growth of Alternaria alternata. Up-left panel: A. alternata on PDA media; up-right
panel: antagonistic assay of EC79 and EC80 on A. alternata on PDA media; down-left panel: antagonistic assay of combined EC79 and EC80 on A.
alternata on PDA media; down-right panel: antagonistic assay of filtrates of EC79 and EC80 on A. alternata on PDA media

inhibit the fungal growth by producing bioactive com-
pounds such as extracellular lytic enzymes, siderophores,
salicylic acid, antibiotics, and volatile metabolites, such
as hydrogen cyanide (Kishore et al. 2005; Afsharmanesh
et al. 2006; Imran et al. 2019; Khan et al. 2020; De Hita
et al. 2020). In this study, the results indicated that EC79
produced amylase that might play roles in inhibiting
fungal growth. In addition, it was possible that the iso-
lates in this study generated antifungal volatile com-
pounds that were lost in the process of obtaining the
filtrates. Moreover, the results from the antagonistic
assay of filtrate suggest the presence of bacteria was ne-
cessary for the substances responsible for the inhibition
and could be associated with the bacterial envelopes.

Table 2 Production of amylase and IAA and biofilm formation
of bacterial strains

Isolate Amylase IAA Biofilm formation
EC79 ++ +++ +++
EC80 - + +++

In vitro antagonism assays were normally carried
out to screen bacterial strains contributing to the nat-
ural inhibition of plant pathogenic fungi. In this
study, the results were also shown that strains includ-
ing EC79, EC83, EC90, and EC97 were ineffective sin-
gly against A. alternata; however, when it was
combined 1:1 with the strongest antagonistic bacteria
(EC80 strain), an improved inhibition ratio was re-
corded for EC79 + EC80 combination. This indicated
that the natural existence of synergic activity between

Table 3 Mean percentage of germinated seeds at 5, 10, and 15
days after bacterization with endophytic strains in vivo

Endophytic In vivo (bacterial suspension)

bacteria® 5 days 10 days 15 days
EC79 44c° 82.2° 100°
EC80 22° 55.5° 77.7°
Control 0? 53.37 75.5°

“Bacteria strains, control = SDW = sterile distilled water
PData followed by the same letters are not statistically different according to
the Duncan test (P < 0.01)



Luu et al. Egyptian Journal of Biological Pest Control (2021) 31:14 Page 6 of 8
Table 4 Mean parameters of in vivo pitaya seedlings treated with different endophytic bacterial strains

Endophytic bacteria® Seedling length (cm) Fresh weight (g) Dry weight (g)
EC79 323" 064a 004a

EC80 2.80ab 0.55ab 0.03a

Control 2.12b 0.44b 001b

“Bacteria strains; control = SDW = sterile distilled water

PData followed by the same letters are not statistically different according to the Duncan test (P < 0.01)

the antagonist strains, even between the antagonist
and non-antagonist strains (Shen et al. 2020) or be-
tween non-antagonist strains (de Boer et al. 2007).
The present study showed also that the combination
of EC79 + EC80 strains generated a better antagonist
for A. alternata clarifying the microbial synergism in
inhibiting the pathogenic fungi, which is consistent
with previous researches on combinations of biocon-
trol agents (Guetsky et al. 2007; Xu et al. 2010; Shen
et al. 2020). The possible explanation for the extra re-
duction of fungal biomass production was that during
the synergism, bacteria may support another one by
producing metabolic products, which may be benefi-
cial to another or show complementary advantages
(Artursson et al. 2006; Kumar et al. 2016). All in all,
the present study indicated that endophytic bacteria
isolated did not show an antagonistic activity of one
isolate toward others.

Interestingly, both the two tested bacteria pro-
duced IAA that was reported playing a role in the
interaction between plant pathogens and host (Kun-
kel and Harper 2018). Although the single strain
EC79 had earlier shown a limited effect on biocon-
trol of A. alternata, it presented the highest IAA
yield and enhanced plant growth parameters. These
results suggested EC79 may have a special function
in promoting plant growth and enhancing resistance
to disease when combined with other antagonistic
strains. These results were consistent with previous

Sudrez-Moreno et al. 2019; Fan et al. 2020). Pre-
sumably, combining microorganisms with different
antagonistic ability could improve not only the re-
duction of pathogens but also the plant
performance.

It is well known that the biocontrol process medi-
ated by plant growth-promoting rhizobacteria (PGPR)
relies on multiple mechanisms (Khan et al. 2020; De
Hita et al. 2020). Among those, biofilm formation
played an important role in the ability of PGPR to
control plant diseases (Rafique et al. 2015; Fu et al
2020). Obtained results showed the biofilm formation
of these two bacteria that indicated the vital roles of
bacteria cells in the inhibition of the disease. They
may colonize in the seedlings forming biofilm and
consistently exerting their antagonistic effect, which
also required further study to validate. It is said that
successful colonization plays an important role in the
function of antagonistic bacteria on the plant (Rafique
et al. 2015) and bacterial biofilms can ensure the
long-term colonization of a host (Fu et al. 2020).
However, the plant was reported as the host of
massive amounts of microbes (Lamont et al. 2018;
Chen et al. 2018), which might prevent the
colonization and reduce the function of antagonistic
bacteria. Therefore, an important requirement for
maximizing the antagonistic efficacy of the bacteria
was to optimize the inoculation conditions that pro-
moted biofilm formation and improved bacterial

reports (Ganesan et al. 2007; Asril et al. 2014; antagonist.
<
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Fig. 3 Endophytic bacteria improve the growth parameters of pitaya plants in greenhouse trials. a Presentative for increasing the seedling length.
b Improvement of plant biomass. Mean percentage increases of in vivo plant growth parameters for the most effective endophytic bacterial
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Conclusions

Pitaya in Vietnam’s agriculture faces many challenges
such as the stem end rot disease caused by A. alternata.
Nineteen endophytic bacteria were isolated from the
weed (E. colonum). Five of them could differently inhibit
the mycelial growth of A. alternata. Strain EC80 exhib-
ited the strongest inhibition, while a weak inhibition was
observed by EC79, EC83, EC90, and EC97. The results
also presented a combination of EC79 and EC80 had sig-
nificant improvement in reducing biomass pathogenic
fungi. In greenhouse experiments, the EC79 and EC80
improved the seedling biomass. Hence, these bacteria
are potentially very useful for applications in the areas of
agronomy and should be further explored in the near
future.
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