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ABSTRACT

Various fungal species have been implicated in post-harvest diseases of chilli pepper reducing its
qualities worldwide. The use of pesticides for the prevention of plant diseases could lead to increased
pathogen-resistance and accumulation of the chemical constituents of the pesticides in the environ-
ment. This study was therefore undertaken to investigate the in-vitro antagonistic potentials of some
bacterial species against phytopathogenic fungi implicated in post-harvest diseases of chilli pepper
fruits. Fungi were isolated from diseased chilli pepper fruits and tested for their pathogenicity on
healthy chilli pepper fruits. The pathogenic fungi were re-isolated, and identified by colonial and mor-
phological characterization methods. The in-vitro antagonistic activity of Bacillus subltilis, Bacillus cere-
us, Pseudomonas fluorescens and Lactobacillus plantarum on phytopathogenic fungal isolates was
conducted using dual plate culture method. Eight different fungi were isolated from diseased fruits but
only four showed visible disease symptoms like fruit rot, black rot, sunken spots and brown discolora-
tion on the healthy pepper fruits with disease severity ranging from 14.0% to 35.0%.These phytopatho-
genic fungi were identified as strains of Aspergillus niger, Aspergillus terrus, Geotrichum candidum and
Fusarium species. The results of in-vitro antagonistic activity showed that Bacillus subtilis, Lactobacil-
lus plantarum, Bacillus cereus and Pseudomonas fluorescens inhibited the growth of the tested phyto-
pathogens with growth inhibition ranging from 20.0% to 57.1%. Bacillus subtilis generally showed max-
imum growth inhibition of all pathogens, closely followed by Pseudomonas fluorescens. The study
therefore showed that B. subtilis and P. fluorescens could be used as biocontrol agents to reduce post-
harvest diseases of chilli pepper fruits.
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INTRODUCTION

Chilli pepper (Capsicum chinense), a member
of Solanaceae family, is an important vegeta-
ble cultivated in most parts of the wotld for
its culinary purposes and seasonings (Idowu
— Agida ez al., 2010). It is an important spice
that is used in the preparation of meals and
chilli sauce in various parts of the world

(Pawar e al., 2011). Nutritionally, chilli pep-
per fruit possesses all the properties for
which it is considered a food. It is very rich
in vitamin C (about twice that of citrus fruit)
of which only about 30 percent is lost after
cooking (Martin ez al, 2014). Dried chilli
fruit is very high in vitamin A (Syeda, 2015).
It is also an essential source of B-carotene,
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thiamine, niacin and riboflavin (Ekwere and
Udoh, 2018). Capsicum chinense also contains
a complex mixture of essential oils, waxes
and coloured materials (mainly capsanthin,
capsorubin, zeaxanthin, cryptoxanthin and
lutein) as well as several capsaicinoids which
are responsible for its pungency (Syeda,
2015; Garcia-Gaytaner al., 2017).

Chilli pepper can be used as a condiment in
the form of cayenne pepper. It is extensive-
ly used as a spice in all types of curried spe-
cies in various parts of the world. Grinding
roasted dry chilli with other condiments
such as coriander, cumin, turmeric and fari-
naceous matter makes curry powder
(Ekwere and Udoh, 2018). It is also used
for seasoning of egg, fish and meat prepa-
rations, sauces, chutneys, pickles, frankfur-
ters and sausages. It is also used as a coun-
ter-irritant in the form of ointment, plaster,
medicated wool and also for the relief of
rheumatism and lumbago (Garcia-Gaytan ef
al., 2017). Capsaicin creams are made in
some countries for the relief of pain in os-
teoarthritis, post-herpetic neuralgia and
painful diabetic neuropathy (Omolo et al,
2014). According to Siwei et al. (2015), cap-
saicin could help to prevent cholesterol and
associated heart diseases such as arterioscle-
rosis. Syeda (2015) also reported that when
powdered red chilli is applied to the part
affected by a dog bite, it immediately mini-
mizes the effect of the poison. It could also
act as an antiseptic by preventing the for-
mation of puss in the wound (Omolo e/ 4/,
2014). Chilli pepper is suitable in diets of
the obese and useful in the control of can-
cer of the stomach and colon (Syeda, 2015).
It also improves circulation, stimulates the
appetite, reduces inflaimmation and aids di-
gestion by stimulating gastric juices (Siwei e/
al., 2015).
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Despite the health benefits of chilli pepper,
several constraints such as pests and diseases
have affected its production in most African
countries. Among the diseases that reduce
the qualities of chilli pepper fruits are post-
harvest diseases such as black mould and
sour rot caused by different species of fungi
which results in economic losses to the
farmers (Onuorah and Orji, 2015). Chemical
fungicides are being used extensively for
postharvest disease control of fruits and
vegetables. Postharvest fungicides are ap-
plied to control infections already established
on the surface tissues of produce to protect
against infections which may occur during
storage and handling, or to interrupt patho-
gen development (Abada and Ahmed,
2014;0nuorah and Orji, 2015). The success
of these fungicides depends largely on the
extent to which infection has developed at
the time of fungicide application and how
effectively the fungicide penetrates the host
tissue (Wenyue ez a/., 2017). However, the use
of chemical fungicides for the control of
postharvest diseases of chilli pepper could
lead to increased pathogen resistance. It
could also lead to the accumulation of the
chemical constituents of the fungicides in
the fruits, resulting to increased health haz-
ards to the consumers, hence, the search for
alternative methods of controlling posthar-
vest diseases of chilli pepper fruits. The use
of biological control agents has been sug-
gested as a safe method of controlling vari-
ous plant diseases. This study was therefore
undertaken to investigate the /n-vitro antago-
nistic potentials of some bacterial species
against phytopathogenic fungi implicated in
post-harvest diseases of chilli pepper fruits.

MATERIALS AND METHODS

Sample collection Infected chilli pepper
(Capsicum chinense) fruits were obtained from
Alabata farm, and Osiele market, Abeokuta,
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Ogun-State. Healthy chilli fruit samples
were also collected for pathogenicity test.
All the samples were collected in different
sterile Ziploc bags, labeled appropriately
and transported to the laboratory for neces-
sary investigation.

The bacterial cultures (Lactobacillus planta-
rum, Pseudomonas fluorescens, Bacillus cerens and
Bacillus subtilis) were obtained from the De-
partment of Microbiology, Federal Univer-
sity of Agriculture, Abeokuta and con-
firmed by subjecting them to several bio-
chemical tests.

Isolation of fungi associated with dis-
eased chilli pepper fruits

The fungi were isolated from the diseased
pepper fruits using the method described by
Liu ez al. (2016).Tissues of approximately
5.00 mm in diameter were collected from
the edges of lesions, surface-sterilized with
70% ethanol for 30 seconds and 3.5% Sodi-
um hypochlorite for 15 seconds, washed
three times with sterile distilled water and
then dried on sterile filter paper. The tissues
were inoculated on Potato Dextrose Agar
plates supplemented with 50.0 mg/1000ml
streptomycin. The plates were then incubat-
ed at 27°C for 5 days. Pure cultures of the
fungal isolates were obtained by a series of
sub-culturing on the agar plates.

Pathogenicity test

Pathogenicity test was carried out on the
fungal isolates as described by Onuorah and
Orji (2015). Each fungal isolate was tested
on healthy pepper fruits for its ability to
show characteristic disease symptoms on
pepper fruits. Clean mature healthy fruits
were rinsed with distilled water, followed by
surface sterilization with 70% ethanol,
washed twice with sterile distilled water and
then air-dried. A sterile cork borer was used
to bore holes into healthy fruits and colo-

nies of five-day-old fungal isolate (from each
pure culture) were inoculated on the fruits
and the cores of the fruit were replaced. The
point of inoculation was sealed with petrole-
um jelly to prevent contamination. Controls
of pepper fruits were wounded with steri-
lized cork borer but not inoculated. The in-
oculated fruits and the controls were incu-
bated at 25°C. After 48 hours, the inoculated
fruits were closely observed for symptom
development. Observation for the level of
fungal growth and fruit rot was made daily
for four days and the percentage rot severity
was determined using the method of Zakari-
et al. (2015). The growth and pathogenicity
were rated as follows: low (rot covered less
than 25% of the fruit surface); medium
(covered 25-50% of the fruit surface); high
(51-75% covered) and very high (covered
75% and above). Percentage rot severity was
determined using the formula below:

Percentage rot

Diameterofrotcovered x100

severity =

Diameterof fruitsurface

The causal agents were re-isolated from in-
fected pepper fruits, compared with the orig-
inal isolates and characterized.

Identification of phytopathogenic fungal
1solates

Mycelial discs (5.00 mm diameter) were col-
lected from actively growing areas near the
growing edges of the 5-day-old culture of
each phytopathogenic fungal isolate, trans-
ferred to potato dextrose agar plates and in-
cubated at 27°C for 10 days. The colony
characteristics were recorded while the mor-
phology of spores and mycelia of the fungal
isolates were examined under the micro-
scope at X 40 magnifications after staining
with lacto phenol cotton blue. The identifi-
cation was then done by comparing the char-
acteristics of the isolates with mycological
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identification keys and taxonomic descrip-
tions (Kidd e# al., 2010).

In-vitro activity of some bacterial strains
on phytopathogenic fungal isolates
In-vitro study of antifungal activity of Lacto-
bacillus plantarum, Pseudomonas fluorescens, Ba-
cillus cereus and Bacillus subtilis against fungal
pathogens isolated from diseased pepper
fruits was conducted using the dual plate
culture method as described by Oloyede ez
al. (2019). Bacillus subtilis, B. cerens and Pseudo-
monas fluorescens were grown on nutrient agar
and incubated at 35+2°C for 24 hours while
Lactobacillus plantarum was grown on de
Mann Rogosa (MRS) agar in an anaerobic
condition at 35+2°C for 24 hours.

Each fungal isolate was inoculated on PDA
plate and incubated at room temperature
(25£2°C) for seven days. After incubation,
small fragments of the mycelia were cut and
placed at the centre of PDA plates. On the
opposite side, about 3.0 cm away from the
fungus, a loop full of 24-hour old culture of
each bacterium was streaked vertically.
Three replicates per bacterial strain were
prepared. For the control, bacterial strains
were replaced with sterile distilled water.
The inoculated plates were incubated at
room temperature (2532°C) for three days
and the radial growths of fungal mycelia in
treated and control plates were measured
and recorded. The percentage growth inhi-
bition was calculated using the formula:

Percentage growth inhibition =1— (a/b) X
100% (Oloyede ¢z al., 2022)

a: radial growth of fungus interacting with
antagonistic bacteria

b: radial growth of fungus in control plate.

RESULTS

Phytopathogenic fungi associated with
diseased chilli pepper fruits

In this study, eight (8) different fungal strains
were isolated from the diseased chilli pepper
fruits and tested for their pathogenicity on
healthy pepper fruits. Four of the isolates
were observed to induce visible disease
symptoms on the healthy pepper fruits after
4 days of inoculation, implying that these
isolates are pathogenic. These phytopatho-
genic fungi were re-isolated and identified as
Aspergillus niger, Aspergillus terreus, Geotrichum
candidum and Fusarium species based on their
macroscopic and microscopic features (Table

1.

Pathogenicity of the fungi associated
with diseased chilli pepper fruits

The pathogenicity study showed that Asper-
gillus niger, Aspergillus terreus, Geotrichum can-
didum and Fusarium species had obvious ef-
fects on the quality of chilli pepper fruits
(Table 2). The visible disease symptoms ob-
served at 4 days after inoculation included
dark mould growths on chilli pepper fruits
and irregular, light brown to dark brown
sunken spots or lesions, with fruits becoming
spongy (Table 2; Plate 1). No visible symp-
toms were observed in un-inoculated
(control) pepper fruits. The percentage dis-
case severity of the fungal isolates ranged
from 14.0% to 35.0% (Figure 1). Aspergillus
niger had the highest rot severity on chilli
pepper fruits, closely followed by A. ferreus
while Fusarium spp. had the lowest severity.
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Table 1: Macroscopic and microscopic characteristics of fungi associated with
diseased pepper fruit

Fungal isolates Macroscopic characteristics Microscopic characteristics

Aspergillus niger The colonies were black with Presence of conidiospore and
smooth wide edges, white to pale in  septate hyphae

colour on reverse
Aspergillus terrens Rapid growing powdery colonies Presence of conidiospore and

with a cinnamon brown colour on septate hyphae
the surface. Reverse remained yel-

low to beige brown
Geotrichum candidum ~ The colony was cottony white turn-  Presence of arthrospore and septate

hyphae
ing purple background colour. Re-
verse was white.
Fusarinm spp. The colony was whitish—cream. Presence of conidiospores
Reverse was pale to bluish violet with septate and branched
hyphae

Table 2: Visible symptoms on pepper fruits inoculated with phytopathogenic fungal

isolates
Fungal isolates Visible Symptoms
Aspergillus niger Black rot with black discoloration, sunken spots,
Aspergillus terrens Fruit rot with light brown colouration
Geotrichum candidum Geotrichum sour rot on the surface of pepper with
Fusarium spp. Black colouration causing rots inside out
Un-inoculated pepper fruits No visible symptoms
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Plate 1: Visible disease symptoms induced by fungal isolates at 4 days after inocula-

tion. A: Aspergillus niger, B: A. terreus, C: Geotrichum candidum, D: Fusarium
species, E: Un-inoculated fruits
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Figure 1: Percentage disease severity of the fungal isolates on chilli pepper fruits

In-vitro antagonistic activity of bacterial
strains against pathogenic fungi associ-
ated with diseased chilli pepper fruits

All tested bacterial strains inhibited the
growth of phytopathogenic fungi. Growth
inhibition of all four fungal pathogens
ranged from 20.0% to 57.1 (Figure2). Bacil-
lus  subtilis  generally showed maximum
growth inhibition against all pathogens,

closely followed by Pseudomonas fluo-
rescens. Similarly, Aspergillus niger was
mostly inhibited among the pathogens
(Figure 2). The results therefore showed that
Bacillus subtilis and Pseudomonas fluorescens conld
be used as biological control agents of phytopathogen-

ic fungi associated with diseased chilli pepper fruits.
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Figure 2: In-vitro antagonistic activity of bacterial strains against phytopathogenic
fungi associated with diseased chilli pepper fruits

DISCUSSION
The findings of this study showed that 4s-
pergillus  niger, Aspergillus terreus, Geotrichum
candidum and Fusarinm species caused posthar-
vest rot of chilli pepper fruits. These fungi
have been previously implicated as fruit rot
pathogens by Balogun e# a/. (2015); Onuo-
rah and Orji (2015); Vrushali and Vanmare
(2015); Ezikanyi (2016) and Wenyue ef al.
(2018). The fungal strains were able to grow
on the fruits and induced some levels of
disease symptoms like fruit rots, black rots,
sunken spots and brown discoloration with
varying degrees of pathogenicity. Among
the four isolates, Aspergillus niger exhibited
the highest level of virulence (i.e. mycelia
and/or rots covering most fruit surfaces).
Balogun ez al. (2015) also reported similar
result with Aspergilius niger having the highest

level of virulence on pepper fruits obtained
from various markets in Ilorin, North central
Nigeria. Though, Aspergilius terrens has been
used as an antagonist to control various
pathogenic fungi, it has also been reported
to cause diseases in various fruits resulting in
infections and allergies (Louis 7 a/., 2013). In
addition, fungal isolates such as _Aspergillus
niger and Fusarium species have been reported
to produce several secondary metabolites or
mycotoxins like ochratoxin, oxalic acid, mal-
formin A and malformin C which are poten-
tially harmful to humans and animals
(Onuorah and Orji, 2015; Baiyewu e al.,
2017).

The antagonistic activity of some bacterial
strains has been widely employed in the
management of many plant diseases. The
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results of the present study revealed that
Bacillus subtilis, Lactobacillus plantarum, Bacillus
cerens and  Pseudomonas fluorescens significantly
inhibited the mycelial growth of  phytopathogenic
fungal isolates (Aspergillus niger, Aspergillus terre-
us, Geotrichum candidum and Fusarium species).
The results corroborate the previous studies
that demonstrated the zz vitro growth inhibi-
tory activities of several bacterial strains on
fungal pathogens (Aydi-Ben-Abdallah ez 4/,
2020; Oloyede e al, 2022). Wang et al.
(2011) also reported that metabolites of
Lactobacillus plantarum IMAU10014 exhibited
high inhibitory activity against some phyto-
pathogenic fungi. The bacterial strains
could produce secondary antifungal metab-
olites and other toxic volatile compounds
such as nicin (produced by Lactobacillus
Pplantarum), organic acids, hydrogen peroxide
and phenolic compounds which diffused
into the culture medium and served as bio-
active agents that inhibited the growth of
fungal pathogens as previously reported by
Oloyede et al. (2019) and Oloyede et al.
(2022). The strains conld also antagonize fun-
gal pathogens by competing aggressively for
niches and essential nutrients, or by induc-
ing systemic acquired resistance (Cawoy et
al,2011).

CONCLUSION

This study revealed that Bacillus subtilis and
Psendomonas fluorescens showed strong antagonistic
activity against Aspergillus niger, Aspergillus
terrens, Geotrichum candidum and Fusarinm spe-
cies that cause postharvest rots of chilli pep-
per fruits, indicating that these strains could
be used as biocontrol agents to reduce post-
harvest diseases of chilli pepper fruits.
However, there is a need to conduct further
studies on the 7z vivo applications of these
bacterial strains as effective biological con-
trol agents.
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