Kor. J. Appl. Microbiol. Biotechnol.
Vol. 25, No. 4, 396-402 (1997)

EAUSIMT Bacillus sp. KL-32| CLHAIAS

= 0|8¢t

HEHW T Pyricularia oryzae2| MESIE YA

#nd

- Y

FEChetn Xiodxlchst SZ0|4E3stnt

Biological Control of Pyricularia oryzae Blast Spot with the Antibiotic Substances Produced by
Bacillus sp. KL-3. Kyu-Young Kim and Sang-Dal Kim. Deparfment of Applied Microbiology,
Yeungnam University, Kyongsan 712-749, Korea - Biocontrol of plant pathogens provides an alt-
ernative means of reducing the incidence of plant diseases without the negative aspects of chemical
pesticides. Nowdays, as the resistant fungi about the chemical fungicides have revealed and the con-
cern of environment has increased, the biological control of phytopathogenic fungi by the antagonistic
microorganisms is very much indispensable. For the selection of strong antagonistic bacterium for bio-
logical control agent of rice leafblast and cucumber gray mold rot, the antifungal strain KL-3 strain
was selected among 120 strains isolated from the rhizosphere soils. And the strain was identified to be
a species of Bacillus subtilis or closely related strain. In several biochemical and in vitro antibiosis
tests, antifungal substances of Bacillus sp. KL-3 were presumed heat stable, micromolecular antibiotic
substances. In vivo test and vinyl house field test, the antifungal substances of Bacillus sp. KL-3
represented excellent biocontrol ability aganist Alternaria mali, Phyricularia oryzae, and Alternaria kiku-
chiana as well as broad spectrum of other fungi. In particular, Bacillus sp. KL-3 strain showed more
predominant activity than some chemical fungicides against fungi shown to resist chemcal fungicides.
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Table 1. Antifungal activities of the antagonistic bacteria
against Pyricularia oryzae

Antifungal Activity

Strains

3
JEERESEN

Fungal dry Fungal colony Inhibition
weight’ size” distance’
KL- 3 50.5 (%) 20.4 {%) 12.8 (mm)
KI.-15 442 16.2 10.3
KL-35 40).8 13.3 9.4
KL-47 38.7 10.9 7.8
KL-38 36.5 5.3 7.9
KL-19 33.2 53 5.9
KI.-26 30.4 4.5 4.5
KL-30 30.2 4.0 4.6
KL- 8§ 28.5 — —
KIL.-12 26.4 — -
KL-21 25.5 - —
KL-44 20.2 — —

The bacteria were grown in nutrient broth (NB) at 30C for 48hr.
*Completed inhibition ratio {(100%)-dry weight of P. oryzae cul-
tured with bacterial culture filtrates relative to those cultured
with water in potato dextrose broth (PDB) after 5 days of in-
cubation at 28°C. "Completed inhibition ratic (100%)-colony cir-
cle size of P. oryzae cultured with autoclaved-bacterial culture
filtrates relative to those cultured with water on PDA plates after
5 days of incubation at 28%C. “Distance between the edges of
the bacterial agar pieces (about 7 mm square} and fungal my-
celium on PDA plates after 5 days of incubation at 28°C. The
data values are the means from five replication.
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Table 2. Morphological and cultural characteristics of the
strain K1.-3

Isolate Bacillus Bacillus

Charactenistics KIL-3 subtilis brevis
Cell form Rod Rod Rod
Gram staining + + +
Strain showing gram-positive + + +
at least in young culture
Endospore formation + + +
Anaerobic growth - - -
Motile + + +
pH in Voges-Proskauer broth <6 d d -
>7 + - +
Growth at pH 6.8, Nutrient broth + + +
5.7, Nutrient broth + + d
Growth in NaCl 2% + + NA
5% + + -
7% + + -
10% - NA _
Growth at 5T - - -
10C + d -
30C + + d
40T + + +
50C + d d
55C - - d
65C - - -
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Table 4. Characteristics of the antifungal substance pro-

Characteristics

Activity
Heat treated at 100°C for 15min 88%
Dialyzed solution’ 10%
High MW substance (10 T)’ 11%
Low MW substance (10k | )’ 92%
Chitinase (colloid chitin) ND
[B-1,3-Glucanase (laminarin) ND
Cellulase (a-cellulose) ND

+; Positive, -; Negative, d; 11~89% of strains are positive, NA;
Not available.
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Table 3. Physiological, biochemical and nutritional charac-
teristics of the strain K1L.-3

Isolate  Bacillus Bacillus

Characteristics KL-3  subtilis  brevis
Catalase test + + +
Oxidase test + + +
Voges-Proskauer test + + -
Acid from p-glucose + + d
L-arabinose d + -
n-xylose d + -
p-mannitol + + d
Gas from glucose - - -
Hydrolysis of casein + + +
gelatin + + +
starch + + +
Utilization of citrate + + d
propionate - . NA
Degradation of tyrosine - - +
Deamination of phenylalanine - - -
Formation of indole - - -
Nitrate reduced to nitrite + + d

+; Positive, -; Negative, d; 11~89% of strains are positive, NA,
Not available.

Bacillus sp. KL-3 was grown in dextrose-glutamine (DG) medi-
um at 30°C for 72 hr. “Bacterial filterate was dialyzed at 4 for
48hr through a cellulose dialysis sack (molecular weight cutoff,
12,000). °Bacterial filterate was fractionated low molecular

weight substance (MW 10,000) Amicon centriprep”® 10. ND; No
detection.
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Table 5. Antifungal spectrum of the crude antibiotic sub-
stance from Bacillus sp. KL-3 on the mycelial growth of phy-
topathogenic fungi

[nhibition
Plant Pathogens Distance (mm)"
30 10
Alternaria mali (AFERERISE Y ) 9 5
Alternaria kikuchiana (8\7]-2&5-=1¥-1) 5 2
Phytophthora capsici (754 ) 0 -
Physalospora baccae (¥ XIFX|v}EH ) 1 -
Botryosphaeria dothidea (A}3}7 5= #2347 1 -
Glomerella cingulata ((73=€F2v 1) 5 0
Pvricufaria orvzae (¥ X34 10 5
Rhizoctonia solani (3 4 3§ vlFE4 o) 3 1
Fusarium moniliforme (8 7|t}le]™ ) 0 -
Rhizopus sp. (443 7H 1) 0 -
Botrytis cinerea (2.o]3]4-T3olH ) 5 2

Bacillus sp. KL-3 was grown in dextrose-glutamine (DG) medi-
um at 30C for 72 hr. “Inhibition distance between holes (about 7
mrm square) containing 50 il of crude antibiotic substance pu-
rified from KL-3 and fungal mycelium on PDA plates (5 days
of incubation at 28).
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Table 6. Effect of three fungicide against cucumber gray
mold rot caused by Botrytis cinerea (in vitro test)

Inhibition Distance (mm)

. . . g . . .. R .
Dicarboximides™ strain Dicarboximides™ strain

Fungicide
200 50 10 200 50 10
(ppm)
U= 0.1 0 0 0 O 0
S* 0.6 0.4 0 0 O (O
KL-3' 0.3 0.3

*Product code. “50 pl of the crude antibiotic substance purified
from Bacillus sp. KL-3.

by Pyricularia oryzae (in vitro test)

Table 7. Effect of fungicide against cucumber gray mold rot
caused by Bofrytis cinerea (in vivo vinyl house)

Conc. Disease Severity (%) Antifungal
(mg/) g I Il Mean Ratio (%)

KI1.-3 50" 27.2 296 26.5 27.7 7.0
U= 2000 4.1 6.2 53 5.2 82.6
S* 1000 2.5 3.0 2.8 2.7 90.7

Untreated - 35.3 30.5 24.2 30.0 -

*Product code. “50 pl of the crude antibiotic substance purified
from Bacillus sp. KL-3.
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Table 8. Effect of fungicides against leaf blast spot caused

Inhibition Distance (mm)

Fungicide
200 ppm 50 ppm 10 ppm
B* 0.6 (0.4 0.2
K* 0.3 0.1 4,
KL-3* 0.5

*Product code. “50 pl of the crude antibiotic substance produced
from Baciilus sp. KL-3.



Fig. 1. Effect of the crude antibiotic substance KL-3 against
cucumber gray mold rot caused by Bofrytis cinerea.
(A) Treated with antibiotic KL-3 (B} Untreated control

Table 9. Effect of fungicides against sheath blight caused by
Rhizoctonia solant (in vitro test)

Inhibition Dhstance (mm)

Bacillus sp. KL-32] 2HMiS&off o/5t b gHiF ol St 401

Table 11. Effect of fungicides against sheath blight caused
by Rhizoctonia solani (in pot test)

Conc. Disease Severity (%) Antifungal

Fungicide .
° (mg/l) g 1 I Mean Ratio (%)
KL-3 50° 14.7 16.9 15.2 15.6 5.0
H* 1000 1.9 32 2.6 2.5 84.3
p* 500 2.7 4.1 3.5 3.4 79.0
Untreated . 16.4 17.9 15.1 16.4 -

Fungicide
200 ppm 50 ppm 10 ppm
H* 0.6 0.5 0.2
p* 0.5 0.3 0.1
KL-3 | 0.2

*Product code. *50 pl of the crude antibiotic substance produced
from Baciflus sp. KL-3.
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Table 10. Effect of fungicides against leaf blast spot caused
by Pyricularia oryzae (in vivo pot test)

.. Conc. Disease Severity (%) Antifungal
Fungicide :
(mlly Il [ Mean Ratio (%)
KL-3 50°  11.8 13.1 92 113 32.3
500 2.1 3.3 1.5 2.3 86.2
B 375° 36 42 38 39 766

250 6.6 5.1 8.0 6.5 61.0
125 8.2 6.7 10.5 8.4 49.7
1000 4.3 4.G 3.7 4.0 76.0
500 7.1 8.2 9.6 8.3 50.2
375 7.8 11.2 8.2 9.0 46.1
250 8.9 11.4 10,6 103 38.3

Untreated - 17.1 15.6 17.4 16.7 -

*Product code. *50 pl of the crude antibiotic substance produced
from Bacillus sp. KL-3.

K*

*Product code. *50 ul of the crude antibiotic substance from Ba-
cillus sp. KL-3.
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Fig. 2. Effect of the crude antibiotic substance KIL.-3 against
leaf blast spot caused by Pyricularia oryzae.
(A) Treated with antibiotic KL-3 (B) Untreated control
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