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Pepper, rich in vitamins A, C, and E, and capsaicin, is the
most important crop in Korea next to rice, with its production
amounting to almost one billion US dollars.” However, the
occurrence of anthracnose, epidemic, and viruses, decreases
the production of pepper up to 30-40%.” Pepper anthracnose
is caused by Colletotrichum spp. such as C. gloeosporioides,
C. acutatum, C. dematium, and C. coccodes,® which go
through the winter as sclerotia. The conidia require moisture
and are disseminated by rain. Although pepper anthracnose
affects all growth stages of the pepper, it is predominant on the
fruit and therefore attacks red pepper with a long ripening
period. The infection, which causes tan in the skin color,
occurs between 10 to 30°C, and wetness on the surface of the
pepper fruit increases the severity. However, resistance of the
pathogens against chemical pesticides requires alternative
method to control the pepper anthracnose.

We attempted to isolate Bacillus genus showing antifungal
activity against C. coccodes from Korean salt-fermented
fishery product, Shrimp-jeotkal, because B. thuringiensis is
used as one of major biopesticides.” Shrimp-jeotkal tested in
this work was manufactured and fermented for 4 years in
Kangwha-do, Korea. One hundred ul of the diluted solution of
Shrimp-jeotkal was spread on the nutrient agar and incubated.
Colonies of Bacillus were selected, and transferred to new
nutrient agar medium. Each colony was inoculated into LB
medium. Fermentation broths of thirteen strains isolated were
centrifuged, and their supernatants were collected.” The plant
used for in vivo test was Capsicum annuum L., cv Bugang,

which was grown in vinyl pots (4.5-cm diameter) in a
greenhouse at 25 (£5)°C for 3 weeks. Pepper plants at the third
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Fig. 1. In vivo activity of BA24 against pepper anthracnose.
(left, control; right, BA24 treatment).
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Fig. 2. Phylogenetic tree of Bacillus species 16S rDNA based
on neighbor-joining method. The value at the internal nodes
indicates the level of bootstrap support with 1000 replications.

leaf stage were sprayed with each test solution until run-off
and allowed to stand for 24 h. The solution was prepared by
adding 0.25 mg Tween 20 per mL of the supernatant. Control
plants were treated with Tween 20 solution (0.25 mg/m/). For
the development of pepper anthracnose, the treated pepper
plants were inoculated with C. coccodes by spraying a spore

suspension (3 x 10° spores/m/) of the fungus. They were
incubated in a moist chamber for 2 days at 28°C and

transferred to a growth chamber (25°C and 75% humidity).
The disease severity was assessed 3 days after inoculation.
Data represent the result of three trials. Analysis of data was
performed as described in a previous report.” Antifungal
activity of the broth was compared with that of the chemical
pesticide, dithianon (50 pg/m/). Of the 13 samples tested,
BA24 showed 88% inhibition and dithianon showed 91%.
Here, % control indicates that 100 x [(area of infection (%) on
leaves sprayed with Tween 20 solution alone-area of infection
(%) on treated leaves)/area of infection (%) on leaves sprayed
with Tween 20 solution alone]. Figure 1 shows the activity of
BA24 against pepper anthracnose; the plants treated with
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Fig. 3. Morphology of BA24 observed by scanning electron
microscopy.

BA24 grew well, whereas those without BA24 did not.
Because all samples except BA24 showed less antifunagal

activity than 50 %, BA24 was selected for identification. To
identify BA24, the partial sequences containing 16S rDNA
from the strains were analyzed.® 16S rDNA sequences of
strain BA24 identified from GenBank by the BLAST program
showed the highest homology (99% identity) with B.
pumilus.” B. pumilus, found commonly on dead plant tissues
or in soil, can protect the roots of soybean plants from fungi
by inhibiting the germination of the spores of fungi such as
Rhizoctonia and Fusarium.'” The evolutional distance was
calculated by the Jukes and Cantor method, and a phylogenic
tree was created using the neighbor-joining method (Fig. 3).""
Strain BA24 was found to belong to the genus Bacillus with a
high bootstrap value, based on the phylogenic tree analysis.
Scanning electron microscopy was applied for the morphology
study of strain BA24. To obtain its image, a previously
published method was applied.” The image obtained is shown
in Fig. 4.

In conclusion, BA24 isolated from Shrimp-jeotkal showed
activity against pepper anthracnose caused by C. coccodes.
Under the current experimental conditions, the BA24 broth
showed 88% inhibition in vivo, whereas dithianon at 50 pg/m/
showed 91%. Therefore, BA24 appears to be a promising
biopesticide that can be one of alternative methods to solve
consumer rejection on chemical pesticides and environmental
pollution.
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