Metabolites produced by antagonistic microbes inhibit
the principal avocado pathogens in vitro

Metabolitos producidos por microorganismos antagonistas son capaces
de inhibir in vitro los principales patogenos del aguacate
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ABSTRACT

The demand for Hass avocado in the global market exceeds
the supply by over 50%. Colombia has a remarkable advantage
as a producer in the region due to its high yields. However, the
productivity of this crop can be seriously affected by diseases
such as root rot, caused by Phytophthora cinnamomi, posthar-
vestbody rotand stem end rot, caused by Colletotrichum sp.and
Phomopsis sp., respectively. The potential of 76 bacterial isolates
obtained from avocado rhizosphere to produce inhibitory
metabolites against avocado’s pathogens was evaluated. The
antagonistic effect of the rhizobacteria against P. cinnamomi,
Colletotrichum sp. and Phomopsis sp. was tested through dual
cultures. Thirty-six percent of the tested isolates presented
inhibition halos against P. cinnamomi, 36% against Colletot-
richum sp. and 67% against Phomopsis sp. Additionally, three
isolates were selected for fermentation tests using different
broth cultures. The extracts obtained from fermentations in
the minimal medium of isolates ARP5.1 and AED06 showed
inhibitory activity against the evaluated pathogens, but this
effect was not observed with the AED26 extract. The media
supplemented with copper chloride did not enhance activ-
ity of the extracts. These results suggest that using microbial
metabolic extracts is a viable alternative for controlling avocado
pathogens in vitro.

Keywords: Persea americana, postharvest diseases, Phytophthora
cinnamomi, secondary metabolites, rhizobacteria.

La demanda mundial de aguacate Hass supera la oferta en mas
de un 50%. A pesar de los altos rendimientos de este cultivo
en Colombia, la productividad se ve seriamente afectada por
enfermedades como la pudricién de la raiz, causada por Phy-
tophthora cinnamomi, y las pudriciones poscosecha causadas
por Colletotrichum sp. y Phomopsis sp. En este trabajo se
evalud el potencial de 76 aislamientos bacterianos obtenidos
de la rizosfera de plantas de aguacate, para la produccién de
metabolitos con actividad inhibitoria frente a patégenos del
cultivo. El efecto antagonista de las rizobacterias frente a P.
cinnamomi, Colletotrichum sp. y Phomopsis sp. fue probado a
través de cultivos duales. E1 36% de los aislamientos evaluados
mostraron halos de inhibicién frente a P. cinnamomi, 36% fr-
ente a Colletotrichum sp. y 67% frente a Phomopsis sp. Tres de
los aislamientos mds promisorios se fermentaron en diferentes
medios de cultivo liquidos. Los extractos de los aislamientos
ARP5.1 y AEDO06 a partir de medio minimo mostraron activi-
dad inhibitoria frente a los patégenos. Los medios suplementa-
dos con cloruro de cobre no incrementaron la actividad de los
extractos. Estos resultados demostraron la viabilidad de utilizar
extractos metabolicos microbianos como una alternativa para
controlar in vitro los patégenos de aguacate.

Palabras clave: Persea americana, enfermedades poscosecha,
Phytophthora cinnamomi, metabolitos secundarios,
rizobacterias.

Introduction

The global production of avocado exceeds 4 million t year™.
In terms of the volume of the fruit and its acreage, avocado
holds the fifth largest tropical fruit crop in the world. In
2010, Colombia was ranked fifth in avocado production
worldwide (Yabrudy, 2012). Due to its high nutritional
value, palatability, versatility, ease of preparation, wide
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usability in culinary, pharmaceutical and cosmetic indus-
tries, this fruit is considered a product with great export
potential for Colombia (Alfonso, 2008).

Despite its high production volume, Colombia still relies on
imports to meet the domestic demand, which demonstrates
the need for increasing avocado production (Alfonso,
2008; Yabrudy, 2012). Moreover, avocado crops are severely
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affected by diseases such as root rot or dieback, stem-end
rot and body rot, caused by P. cinnamomi, Phomopsis sp.
and Colletotrichum gloeosporioides, respectively. The lat-
ter is responsible for the loss of up to 80% of the harvest in
some crops (Demoz and Korsten, 2006; Jianga et al., 2014).

Usually, disease control in avocado productive systems
depends on agrochemical applications that have gradually
caused important environmental damage and affected hu-
man health, turning plant health problems into a chronic
threat (Morales, 2009; Romero-Correa et al., 2014). There-
fore, the use of compounds from nature, particularly the
use of active compounds derived from plant extracts,
has been positioning itself as an alternative to overcome
these drawbacks (Grahovac et al., 2014). However, the
availability of plant material is generally low, making it
difficult to reach large scale production and increasing
manufacture costs (Subramani and Aalbersberg, 2012;
Zabka and Pavela, 2013).

In recent years, the use of microorganisms as a source of
bioactive substances has captured the attention of research-
ers (Bertrand et al., 2014). Microbes have great potential for
biological activities and the use of large-scale fermentation
processes can reduce production costs of microbe-derived
compounds. Antagonists are among plant associated mi-
crobes with a big potential to produce bioactive metabolites
that can inhibit, partially or totally, the growth of pathogens
(Van Eeden and Korsten, 2013). Some of them have been
used in biological control systems with very good outcomes
(Van Eeden and Korsten, 2013).

Therefore, finding an economically and environmentally
viable alternative for obtaining compounds that are useful
for the control of plant pathogens is urgent. Thus, the aim of
this study was to assess the in vitro capability of antagonistic
rhizobacteria associated with avocado crops of controlling
and producing bioactive extracellular metabolites against
P. cinnamomi, Phomopsis sp. and Colletotrichum sp.

Materials and methods

Culture media and reagents

Trypticase soy agar and broth (TSA and TSB), and Po-
tato-Dextrose Agar (PDA) were purchased from Merck.
Sabouraud broth was purchased from BD. Minimal
medium (MM) components (200 mL M9 salts: 64.0 g L™
Na,HPO,7H,0, 15.0 g L KH,PO,, 2.5 g L" NaCl, 5.0 g L'
NH,CIL; 2.0 mL 1 M MgSO,; 25.0 mL glucose 20%; 0.1 mL
1 M CaCl,; 773 mL water). The solvents were purchased
from Merck as well.

Microorganisms

The pathogen strains (Phytophthora cinnamomi, Colle-
totrichum sp. and Phomopsis sp.) were taken from the
plant pathogen bank of Corporacién para Investigaciones
Biologicas, CIB. Samples for obtaining antagonistic mi-
crobes were taken from avocado producing farms located
in Anserma (Caldas, Colombia) and in eastern Antioquia
(Colombia). Nutritional roots and soil samples were isola-
ted from apparently healthy avocado plants. Five to eight
trees were sampled from each farm in a zigzag pattern. The
samples were carried in properly labeled plastic bags and
stored at 4°C until processed in the laboratory. The roots
were washed with sterile distilled water and cut into 0.5 cm
pieces. For the endophyte isolation, the roots were washed
with distilled water, disinfected with 1% sodium hypochlo-
rite for 1 min and cut into 0.5 cm pieces. The fragments
were placed on TSA and incubated at 21°C for 24 to 48 h.
After incubation, the single bacterial colonies grown on
the surface of the culture medium were sub-cultured in
a fresh medium. Each isolate was coded as “AED” in the
case of endophytes and as “ARP” in the case of rhizoplane
microbes. The purity of the isolates was checked with
staining and microscopy techniques.

Antagonism assays

The selection of antagonistic isolates was performed using
dual culture assays in petri dishes (Granada et al., 2014).
Briefly, petri dishes containing PDA were divided into four
quadrants and each one was inoculated at 1 cm from the
edge of the plate with a loopful of four different potential
antagonists. A plug of the pathogen to be tested, grown
during 8 d on PDA, was placed in the middle of the plate.
A growth control consisting of the pathogen without any
bacteria was performed as well. The inhibition zone around
each potential antagonist was measured after 6 d of incuba-
tion at 24°C. The degree of inhibition was quantified on a
scale from 0 to 3 (0 = no inhibition halo, 1 = halo from 0.1
t01.0 cm, 2 = halo from 1.0 to 2.0 cm, 3 = halo from 2.0 to
4.0 cm). All procedures were conducted in triplicate with
a repetition over time.

Fermentations and extracellular metabolite extraction

Pre-inoculum of the bacteria to be fermented were carried
out in TSB and incubated for 24 h at 29°C and 200 rpm.
Subsequently, 5 mL of the pre-inoculum were added to 125
mL erlenmeyer flasks containing 45 mL of three different
media (minimal medium (MM), MM supplemented with
copper chloride (ImM CuCl,), TSB and TSB supplemented
with copper chloride (ImM CuCl,). The incubation con-
ditions were 200 rpm at 29°C for 96 h. After fermentation,
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the biomass was separated through centrifugation at 8,000
rpm for 5 min, the supernatants were freeze-dried and
a solid-liquid extraction was performed using 20 mL of
methanol. Methanolic solutions were dried in a vacuum
assisted rotary evaporator.

Antimicrobial activity assays of metabolic extracts

Antimicrobial activity assays against Colletotrichum sp.,
P. cinnamomi and Phomopsis sp. were performed using
96-well microplates (Sanmartin-Negredo et al., 2012;
Villamil et al., 2012). A BioRad microplate reader, model
680 XR (BioRad laboratories, Tokyo, Japan), at a 595 nm
wavelength, was used. The Colletotrichum sp. inoculum was
prepared using agar plugs in sterile distilled water to reach
a concentration of 1-10* conidia/mL. The P. cinnamomi
and Phomopsis sp. inoculums were prepared by mycelia
fragmentation using sterile glass pearls to reach concentra-
tions of 1-10* fragments/mL. Counting was achieved using
ahemocytometer. Each plate well had the following added:
50 uL of the pathogen, 100 pL of the Sabouraud broth and
50 pL of the microbial extract re-suspended in sterile dis-
tilled water to reach a concentration of 1% w/v. Controls
with water instead of the extracts were performed and all
of the treatments were carried out in quadruplicate. The
microplates were read after 5 d of incubation at 24°C. The
data were analyzed using ANOVA with Tukey post-hoc
tests with VassarStats online software (available in http://
vassarstats.net/anovalu.html).

Results and discussion

Antagonism assays

From the processed samples, 76 bacterial isolates were
obtained. All of the pathogens tested showed inhibition
halos at different degrees after being antagonized with the
76 bacterial isolates (Fig. 1). The 37% showed inhibition
halos against P. cinnamomi, 36% against Colletotrichum
sp. and 67% against Phomopsis sp. In the case of P. cinna-
momi, 14.5% of isolates were ranked as degree three (3),
10.5% for Colletotrichum sp. and 42% Phomopsis sp. (Tab.
1), which indicates an increased susceptibility of Phomopsis
sp. to be inhibited in vitro. It should be noted that several
of the isolates showed inhibition zones against more than
one pathogen.

TABLE 1. Summary of antagonism assay results of the 76 bacterial isolates.

FIGURE 1. Dual culture antagonism assays (three replicates per set of
isolates). A, control of P cinnamomi; B, dual culture assay for P cin-
namomi against four different bacterial isolates; C, control of Colleto-
trichum sp.; D, dual culture assay for Colletotrichum sp. against four
different bacterial isolates; E, control of Phomopsis sp.; F, dual culture
assay for Phomopsis sp. against four different bacterial isolates.

Pathogen Phytophthora cinnamomi Colletotrichum sp. Phomapsis sp.
Inhibition degree 0 1 2 3 0 1 2 3 0 1 2 3
Number of isolates 48 10 6 12 51 13 4 8 24 6 16 30

Inhibition degree: 0, no inhibition halo; 1, halo from 0.1 to1.0 cm; 2, halo from 1.0 to 2.0 cm; 3, halo from 2.0 to 4.0 cm.
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Antimicrobial assays of extracts from fermentations
Isolates AED06, AED26 and ARP5.1 showed the greatest
inhibition degree and the broadest spectrum against the
tested pathogens. Due to this, they were selected to be
grown in broth medium in erlenmeyer flasks.

From the four tested media, the minimal medium (45 mL)
was the most appropriate for producing inhibitory me-
tabolites against pathogens used in this study. Although
TSB showed a high biomass development, the extracts did
not show significant inhibitory activity against patho-
gens. This may be due to the association of limitation
of essential nutrients with the production of secondary
metabolites. The depletion of nutrients generates stress
responses in microbes, such as motility, secretion of extra-
cellular enzymes, competence for genetic transformation,
production of antibiotics or other bioactive compounds
(Granada et al., 2014; Thines et al., 2014). Additionally,
the media supplemented with CuCl,-2H,0 did not show
significant activity or diminished biomass production
(Carvalho et al., 2010). Nevertheless, several authors have
reported a boost in antibiotic production and a positive
regulation of secondary metabolism of various types of
microorganisms when heavy metals such as cooper are
added to culture media (Paul and Banerjee, 1983; Tunac
and Mcdaniel, 1985; Jafarzade et al., 2013).

Conversely, copper is known to participate in the degrada-
tion of nucleic acids through destabilization and oxidative
or hydrolytic breakdown of the double helix, possibly
explaining the inhibition observed in the supplemented
fermentations (Cervantes and Gutiérrez-Corona, 1994;
Weinberg, 1997). However, copper’s toxicity depends on
the environmental conditions, concentration and type of
microbes in the environment (Lippert, 1992).

Extract from the ARP5.1 isolate showed the highest
inhibition activity against all of the tested pathogens,
which was evidenced by the low optical density. Lower
optical densities involve a small development of biomass;
i.e. inhibition or less growth of the evaluated microbes.
The characteristics of the limiting conditions of salts and
glucose in the minimal medium probably stimulated the
production of molecules involved in the antagonistic
mechanisms (Ruyters et al., 2013). The growth of the P.
cinnamomi treated with the AED26 extract was also sig-
nificantly lower (P<0.05), as compared with the control
(Fig. 2), but it did not have an effect on the other tested
pathogens. This is a surprising result because this isolate
was selected due to its inhibition halos in dual culture
tests. This is probably owing to the culture media used

that impairs the production of bioactive metabolites on
this isolate. Moreover, it has been reported that some
bacteria are capable of producing such compounds in
response to the presence of other microorganisms or in
response to aspects of the environment (Ryan and Dow,
2008). Therefore, in the absence of competitors, com-
pounds with a biocidal capacity are not produced by the
antagonist and further studies must be performed on this
type of isolates.
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FIGURE 2. Activity assays against P cinnamomi using the minimal
medium for production of extracts. Control: P cinnamomi without an
extract. Means with different letters indicate significant differences ac-
cording to the Tukey test (P<0.05) (n = 4). Bars indicate standard
error.

The AEDO06 extract showed high inhibition against Col-
letotrichum sp. and Phomopsis sp., but a low effect on P.
cinnamomi (Figs. 3 and 4). P. cinnamomi is not consid-
ered a fungus, but is a pathogen of the Oomycete class;
this might imply that metabolites produced by AED06
have a narrow spectrum and are only active against true
fungi. Conversely, metabolites produced by ARP5.1 have a
broader spectrum and their mode of action might be able
to kill the different tested pathogens generally.

This study showed that healthy avocado trees are as-
sociated with microbes capable of in vitro inhibition
against the growth of pathogens such as P. cinnamomi,
Colletotrichum sp. and Phomopsis sp., and that one of the
mechanisms for inhibition is the production of secondary
metabolites. Furthermore, the minimal medium repre-
sented the most suitable substrate for the production of
inhibitory extracts by the tested bacteria. Additionally, it
was observed that the potential of a microbe to produce in-
hibitory metabolites not only depends on what is evidenced
from dual culture assays using petri dishes, but may also
possibly be a response to the presence of other competing
microbes. Thus, the production of said metabolites in an
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FIGURE 3. Activity assays against Colletotrichum sp. using the mini-
mal medium for the production of extracts. Control: Colletotrichum sp.
without an extract. Means with different letters indicate significant di-
fferences according to the Tukey test (P<0.05) (n = 4). Bars indicate
standard error.

axenic liquid medium may be limited when there are not
any competing microbes.
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