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Rhizoctonia blight (large patch) caused by Rhizoctonia solani AG2-2 is one of the major diseases on zoysia-
grass in golf courses. In this study, anatgonistic bacteria to R. solani AG2-2 were selected in vitro tests using
confrontation bioassay and triple layer agar diffusion method. The most active bacteria, Bacillus subtilis CJ-9
were tested for controlling large patch in pots. Relative Performance Indies (RPI) was used as a criterion for
the selection of potential biocontrol agent. B. subtilis CJ-9 showed resistance to major synthetic agrochemicals
used in golf course. In field tests at golf course, B. subtilis CJ-9 was more effective in suppression of large
patch severity and population development of R. solani AG2-2 in soil than chemical fungicides. B. subtilis CJ-
9 could be an alternative to chemical fungicides for eco-friendly management of large patch on zoysiagrass.
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Fig. 1. Microflora of Rhizoctonia solani (left, arrow) and typical microphotograph of Rhizoctonia solani (right) on selective medium.
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Table 1. Antifungal activity and inhibition of mycelial growth
against Rhizoctonia solani AG2-2 by antagonistic microorgan-
isms isolated from soils

Antagonistic ~ Radius of clear zone®  Inhibition of
microorganism (mm) mycelial growth (%)
Inha#l 10 33
Inha#2 11 47
Inha#4 12 10
Inha#7 15 18
Inha#16 13 65
Inha#18 13 0
Inha#19 13 15
Inha#20 1 12
Inha#31 12 20
Inha#43 10 20
CJ-1 9 33
ClJ2 10 21
CJ-3 10 40
Cl-4 17 65
CI-5 10 60
CJ-8 12 55
CJ-9 20 72
CJ-10 10 40
CJ-12 10 40
CI-15 10 30
G-47 18 65
G-50 19 70
Cs52 14 40
C75 12 32
C82 11 0
D48 10 10
F63 11 0
F83 13 10

“Antifungal activity by measuring radius of clear zone.
*Inhibition rate of mycelial growth by dual culture method.
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Table 2. Suppression of Large patch by antagonistic microorgan-
isms isolated from various soil in pot test

Treatment Disease incidence (%) Average’ Control X
No.1 No.2 No.3 value (%)
CJ-4 30 40 40 36.7¢ 49.0
CJ-9 50 50 43 47.7bc 33.8
G-47 60 60 60 60.0ab 16.7
G-50 45 50 30 417 ¢ 42.1
Pencycuron (WP) 40 35 30 350¢c 514
Control 60 78 78 720a -

“Duncan's multiple range test, 95%.
®Calculated from the equation (1 — D. Lyey /D. I 0)x100.

RPI value

B RP| value
60 -
40
N .
4]
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Fig. 2. Use of RPI to achieve a 2-dimensional assessment of
antagonistic organism based on growth and control effect against
Rizoctonia solani AG2-2 of liquid-grown cells.
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Table 3. Morphological and physiological characteristics of
Bacillus subtilis CJ-9

Factor Characteristic
Shape Rod
Gram stain Positive
Spore strain Endospore
Mobility Mobile
Temperature range for growth 5.0~45.0°C
Optimum temperature range for growth 25.0~35.0°C
pH range for growth 5.0~7.0
Oxidase +
Catalase +
Voges-Proskauer reaction -
Hydrolysis of starch +
Hydrolysis of casein +
Gelatin liquefaction +
Indole production -
NaCl tolerance for growth 2.0~10.0
Acid form  from glucose +
from arabinose +
from xylose -
from manitol +
Analysis of cellular C14:0Iso 2.1%
fattyacid comopsition C15:01so 25.0%
C 15 : 0 anteiso 43.3%
Cl15:0 1.0%
C16:0iso 4.4%
Cl6:1W11C 1.7%
Cl16:0 43%
Iso 17:1W 10C 1.7%
C17:01so 7.2%
C 17 : 0 Anteiso 8.5%

011*1 wa /\}%Q U 35t o
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B. subtllls CJ- 9°ﬂ A= GEFel oz =A }L Z 7}(Table

g -

QA -

olAE - Az

4) A9l A4, o] EA|, I dA], o]EARAl,
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Z AEg &, 69 16¥ EFS AFst FA=F
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Table 4. Agrochemcials avaliable to applicate together with Bacillus subtilis CJ-9

Products (Common name)

carbendazim, kasugamycin, nuarimol, hymexazol, metalaxyl, myclobutanil, mepronil, validamycin-A, bitertanol,

etridiazole, iprodione, thiophanate-methyl, tebuconazole, tolclofos-methyl, triadimefon, propamocarb hydrochloride,

Fungicides

pencycuron, hexaconazole, fenarimol
Insecticides  carbaryl, phosalone, deltamethrin, fenitrothion, etofenprox, ethoprophos, tralomethrin
Herbicides  triclopyr, pendimethalin, pyrazosulfuron-ethyl, pyributicarb
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Fig. 3. Seasonal occurrence of Large patch in golf course which
experiment was conducted in 2007.
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Fig. 4. Effect of the Bacillus subtilis CJ-9 on the population
dynamics of Rhizoctonia solani in the soil.
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Fig. 5. Effect of the Bacillus subtilis CJ-9 on the population
dynamics of Rhizoctonia solani in the soil of Large patch area.
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