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Fig. 1. Antifungal activity of Bacillus sp. ¥F-9 against Rhizoctonia
solani AGII-IL. a: supernatant, b: cell pellet, ¢: culture broth.
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Fig. 2. Scanning electron micrograph of the isolated Bacillus sp.
FF-9 (X10,000).
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Fig. 4. Profiles of the cell growth and the antifungal activity by
Bacillus sp. FF-9 during cultivation. -@-: Cell growth, -l -
Antifungal activity.
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Fig. 5. Effect of temperature on the cell growth and the antifungal
activity by Bacillus sp. FF-9. -@-: Celt growth, -B - Antifungal
activity.

40°C obgel SmolE e A%t Yl Bl sl
A 72EEY. A 59 Bacillus sp] 73 25~30°C] Wi
LA FRIF BAo] Briw BUsIY, A 572 Bacillus

megaterium®] 73-%- 30°CoNAM AR o] =rhil RS
FARE Ase vepligich weba] 2 7ol E2lE Bacillus
sp. FF-9 775 AAsksle] Ap|A] -ejue} 7 2ta]7]e] 715
F0 o e g 3 SRS F88] iR & slem &
A}

27 pBdl| WE A A £ 7 8 YAl Bacillus

5-ACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCT
TGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGC
CTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTG
TCTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGG
CGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT
CGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGC
ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAG
GGCTCGCAGGCGGTTTCTT-3'

Fig. 3. 16S rDNA partial sequence (569 bp) of the isolated Bacillus sp. FF-9,
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Fig. 6. Effect of initial pH on the cell growth and the antifungal
activity by Bacillus sp. FF-9. -@-: Cell growth, -W -1 Antifungal
activity.

Table 1. Effect of various carbon sources on the cell growth and
the antifungal activity by Bacillus sp. FF-9

Fig. 7. Effect of lactose concentration on the cell growth and the

antifungal activity by Bacillus sp. FF-9. -@-: Cell growth, -l -
Antifungal activity.

Table 2. Effect of various nitrogen sources on the cell growth and
the antifungal activity by Bacillus sp. FF-9

Cell growth Inhibiti

Carbon source (Absorban (ir 2 660 nm) (l;i)lrll)zone
Glucose 2.6427 43
Galactose 2.6821 3.6
Maltose 2.6409 43
Lactose 2.6449 54
Sucrose 27159 40

The medium contained 1.0% tryptone, 0.5% yeast extract, 0.15% NaCl,
and the carbon sources were added at a concentration of 1.0% (w/v).
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A9 AE dHF G448 FAUE Arie BE uljdyol
A v 2 kEEA vEltoen sucroses AMERE Wl A9
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7, lactose®) FEE 1% F7IeIES W FA) St A
o 4ol 7P =74 YeERT ol ™) BHarst Asge) vl
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< e

Aide)] BE 74 A8 2 PF Y vl A F
Fo) W& Bacillus sp. FF-99] A& 2 a4 4 AES
7] 18kl 1B wiA|9] AAYC=Z typtone ™Al peptone,
soytone, yeast extract, malt extract, beef extract 5 7] &
293 (NH),S0,, NHCl 59 771 A9 F7iste] wiy

o
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Nitrogen source Cell growth Inhibition zone
(Absorbance at 660 nm) (mm)

Tryptone 2.6501 6.5
Peptone 2.2801 6.6
Soytone 2.7466 6.6
Yeast extract 2.4250 6.7
Malt extract 2.2798 6.5
Beef extract 2.0959 6.5
(NH,),S0, 1.3326 5.6
NH,C1 1.0875 5.0

The medium contained 1.0% lactose, 0.5% yeast extract, 0.15% NaCl,
and the nitrogen sources were added at a concentration of 1.0% (w/v).
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Fig. 8. Effect of yeast extract concentration on the cell growth and
antifungal activity by Bacillus sp. FF-9. -@-: Cell growth, -l -
Antifungal activity.
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Table 3. Effect of various salts on the cell growth and the
antifungal activity by Bacillus sp. FF-9

Salt Cell growth Inhibition zone
(Absorbance at 660 nm) (mm)
NaCl 2.4527 6.7
MgSO, 2.5455 6.9
K,HPO, 2.4216 7.3
KH.PO, 2.3253 64
FeSO, 2.7950 7.1
CaCl, 24209 6.6

The medium contained 1.0% lactose, 1.0% yeast extract, and the salts
were added at a concentration of 0.15% (w/v).

Table 4. Antifungal spectrum of Bacillus sp. FF-9 against various
plant pathogenic fungi

Test fungi Antifungal activity
Rhizoctonia cerealis ++
Rhizoctonia oryzae ++
Rhizoctonia solani AG1-1A ++
Rhizoctonia solani AGII-II +4++
Colletotrichum graminicola ++
Pythium spp. ++

Erwinia carotovora KCCM 32003 -
Salmonella typhimurium KCTC 2514 -

-: non inhibition zone

+: diameter of inhibition zone 0<x<20 mm

++: diameter of inhibition zone 20 mm<x<40 mm
+++: diameter of inhibition zone 40 mm<x
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Isolation, Identification and Optimal Culture Condition of Bacillus sp. FF-9 Having Antifungal Activity on the
Turf Grass Pathogens Caused by Rhizoctonia solani AGII-II

Jin-Chul Park, Ji-Hyun Yoo, Jae-Young Cha, Min-Seok Kim and Young-Su Cho* (Department of Biotechnology,
Faculty of Applied Bioscience, Dong-A University, Busan, 604-714, Korea)

Abstract: In this study, established soil-borne Bacillus sp. FF-9 with strong antifungal activity was isolated for
identification and to determine optimal culture condition. By using 16s rDNA sequencing method, FF-9 of the
selected bacteria was identified as genus Bacillus sp.. Bacillus sp. FF-9 was cultured at 30°C, for 24 h in the LB
medium. Cell growth increased quickly after 6 h and the highest cell growth was indicated at 12 h. The most
antifungal activity against Rhizoctoina solani AGH-1I appeared at 18 h and the optimal temperature and pH were 30
and pH 8.0, respectively. A testing of carbon and nitrogen sources showed the highest antifungal activity at 1%
lactose and 1% yeast extract Furthermore an addition of salt showed the most antibiotic activity in the 0.15%

K,HPO,.

Key words: antifungal activity, Bacillus sp., Rhizoctonia solani AGII-II
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