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Antifungal Activity of Bacillus sp. SS279 and Biocontrol of Apple White Rot Fungus, Bo-
tryosphaeria dothidea. Sam-Sun Kim, Gil-Jae Joo, Jae-Youl Uhm', Young-Jae Kim’ and In-Koo
Rhee*. Department of Agricultural Chemistry, 'Department of Agricultural Biology. College of
Agricufture, Kyungpook National University, Taegu 702-701, Koreaq, Department of Microbiology.,
Changwon National University, Changwon 641-773, Korea - From apple skin, we isolated a bacter-
ial strain which strongly inhibited the growth of apple white rot fungus, Botryosphaeria dothidea. The
isolated strain, designated as SS279, was identified to be the genus Bacillus. The antifungal activity of
Bacillus sp. SS279 was found in the culture filtrate. The production of antifungal substances occurred
during logarithmic phase and was the highest when cultures reached the stationary growth phase. The
optimum ranges of temperature and pH for its production were 25-30C and 4.5-9.0, respectively. The
culture filtrate of Bacillus sp. SS279 exhibited a strong inhibitory effect on the spore germination and

germ tube elongation of B. dothidea. Autoclaved culture filtrate of Bacil-

lus sp. SS279 showed only a

slight decrease in antifungal activity, indicating that the Bacillus sp. SS279 produce heat-stable antifungal
substances. In in vivo bioassay, Bacillus sp. SS279 also showed antagonistic activity against apple white

rot caused by B. dothidea.
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Table 1. Antagonistic activity detected by dual culture of Ba-
cillus sp. SS279 against plant pathogenic fungi

Plant pathogenic fungi Antagonistic activity (%)*

AR} HE M 2u ol CYEH Baciiuse] ME281& Hixl 529
Table 2. Antifungal activity of the heat treated culture fil-

trates and cell free extract of Bacillus sp. 88279 against B.
dothidea AF15

Phytophthara capsici 46
Fusarium oxysporum 54
Pythium ultimum 58
Mycosphaellera melonis 63
Cercospora sp. 65
Rhizoctonia solani 70
Botryosphaeria dothidea 84

Culture fiitrate

*A mycelial plug (€5 mm) of B. dothidea was placed on the
center of PDA plate (€ 9 cm) and the Bacillus sp. SS279 was
inoculated 1em from the edge of the PDA plate by drawing a cir-
cle with cotton plug dipped into the overnight culture broth. The
plates were kept at 28C for 4 days. The antagonistic activities
were represented by the relative inhibition of hyphal growth as
compared with blank.
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Fig. 1. Growth inhibition of B. dothidea by Bacillus sp. SS279.

B. dothidea was grown on PDA with(b) and without(a) 10% culture filtrate of Bacillus sp. S8279 at 28T for 4 days.
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Fig. 2. Scanning electron micrograph of the isolated strain
SS279(< 4000).
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Table 3. Morphological and physiological characteristics of the isolated strain SS279

Characteristics 88279 Characternistics SS279
Cell form Rod Acid from
Cell size 2.2x0.6 pm D-glucose +
Margin of colony Irregulary notched L-arabinose +
Surface of colony Smooth D-xylose +
Spore formation + D-mannitol +
Motility (lateral flagella) + (Gas from glucose -
Gram strain + Gelatin hydrolysis +
Catalase + Starch hydrolysis +
Anaerobic growth - Deamination of
Voges-Proskauer test phenylalanine -

at pH 5.7 in VP broth + Nitrate reduced to

at pH 7.8 in VP broth + nitrite +
Growth at pH 6.8/5.7 Formation of

nutrient broth + indole +

dihydroxyacetone +

Na(Cl and KCl required -
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Fig. 3. Profiles on the growth and proeduction of antifungal
substances in Bacillus sp. S8279.

®, growth of Bacillus sp. §§279; O, relative antifungal activity
determined on PDA by Dendroid test against B. dothidea.
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Fig. 4. Microscopic photograph of mycelia of B. dothidea
which were grown with culture filtrate of Bacillus sp. SS279.
B. dothidea was grown on PDA with (B) and without (A) 10%
culture filtrate of Bacillus sp. S§279 for 4 days.
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Fig. 5. Microscopic photograph of pycnidiospore germination of B. dothidea which were treated with cnlture filtrate of Bacillus
sp. SS279.
Spores of B. dothidea was grown on PDA with (B, D) and without (A, C) 10% culture filtrate of Bacillus sp. SS279 for 3 (A, B) or 6
(C, D) hours.
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Fig. 6. In vivo suppressive effect by culture broth of Bacillus sp. SS279 against B. dothidea.

Apples were soaked with (A, C) and without (B, D) the culture broth of Bacillus sp. S§279. Three spots of upper edge per apple were
picked with the tip of sterile tooth-pick and 20 pl aliquot of spore suspension(10°/ml) of B. dothidea was placed at each spot. After air-
drying the apples were incubated in the humid plastic chamber at 28C for 6 days. A and B, apple surface; C and D, cutting section.
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Genus Distribution of Seil Actinomycetes on Different Depth. Pan-Kyung Kim, Oh-Sung Kwon,
Chae-Young Lim, Dong-Jin Park and Chang-Jin Kim* Korea Research Insfitute of Bioscience

& Biotechnology, KISI, Taejon 305-600, Kored.

------ A total 656 actinomycete strains were isolated

from sixty soil samples collected at Chungnam province. The samples were randomly selected from
five different soil types (paddy field, field, forest, grassland, and riverside) and three zones of different
depths (surface, 10 cm, and 50cm deep). All of these isolates were identified to the level of genus bas-
ed on morphological and physiological characteristics. As the results, 223, 242, and 191 strains were

isolated from scil samples of surface, 10 cm and 50 cm deep, respectively. Accor-

ding to the soil

depth, Nocardioforms, Streptosporangium, and Nocardiopsis were dominant at surface, Streptomyces at

surface and 10 cm deep, while Micromonospora and Microbispora were somewhat do-

10 cm and 50 cm deep.
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Table 1. Isolated actinomycetes on depth
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F 65672 wHlTo] EElE el A BoF ZHoEE &
o 2] el A= 2237, A8} 10 cmellA = 2425, R|&} 50
cmell A& 19157} Bel=l 224 2|3} 50 cmel] v]she] ]
EZ A3} 10 cm @] EofollA w2 vAldo] FelEgle
™ 53] 2[5} 10 cmellA 7HAF Beo] fe]5 %ok Takaha-
shi(12)°f o|&lH fF-7-2 v =3} 1 m ool &
R8s 5o A FHOZHNE] 10 cm oWl A HpAld
2] 80% olAto| g} 3R =] E A A o=
2 Z2Z3 2|8l 10 cm -9 #58F ol2} 28} 50 cme] E
F AlBel A X v]awA] cielgl HiAddel] el =k

FelE A Ts 2 SHE v asnd 2eld £ 656
T Foll A StreptomycesZe| A Eel¥ 452 69.4%
of| SiF3}= 4555, Micromonosporaso] 11.4% 3=
8= 757, Nocardioforme]| 7.0%l #33h= 465, Strep-
tosporangium3-°| 1.8%l si%d3l= 127, Actinomadura
o] 0.9%¢°) siw3l= 65, Noczzydiopsi 23 Microbi-
SPO?’&‘“’“OT 7H2E 0.8%Y si33h= 574, 71E ol 7.9%

off swd3t= 52FE et} Zlojd 5!.74] °d3k& nkx| ¢t
= 9FARE Hgdo) a2y} ZolW E = Micromonospora,
Microbispora®2] 73-%- E&%-E.C} 25} 10 cm@}F 50 cm
Eofol| A el Bl %31, Streptomycess 2 735 A3}
10 cm®| EofolA] 714k ‘%‘%01 2] ¥t 28] 57 Nocard-
ioform, Streptosporangium, NocardiopsisE-S- 3ol 4]
Bl LelEe kel e 7|el #F+= A13F 50 cm 4
Aol A o8 ol HelEqd), olite] HAag =
T Fgks) B oo dulxd o g ulAl-g Beli gok A g9
F‘H-rlc’ﬂ FE o]l&sly 9l= F Wwb olel A3} 50
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ubdF 7hEd $ 23 genusER 4HE el A
C)

2 PR 2ol AAksly lokm deiRl StreptomycesSy
retiflexibiles, rectinaculiaperts, spivales®t 7re] FX}od 4

Genus
Depth Total
Stm Mim Noc Sts Acm Nep Mib Oth
Surface (%) 148 (66.4) 22 ( 9.9) 22 (9.9) 6 (2.7) 2 (0.9) 3 (1.3) 1 (0.4) 19 (8.5) 223
10 em (%) 178 (73.6) 27 (11.2) 14 (5.8) 3 (1.3) 2 (0.8) 2 (0.8) 2 (0.8) 14 (5.8) 242
50 em (%) 129 (67.5) 26 (13.6) 10 (5.2) 3 (1.6) 2 (1.0) G (0) 2 (1.OY 19 (9.9) 191]
Total (%) 455 (69.4) 75 (11.4) 46 (7.0) 12 (1.8) 6 (0.9) 5 (0.8) 5 (0.8) 52 (7.9) 656

*Stm; Streptomyces, Mim; Micromonospora, Noc; Nocardioforms, Sts; Streptosporangium, Acm; Actinomadura, Ncp; Nocardiopsis,

Mib; Microbispora, Oth; other unidentified actinomycetes.
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Table 2. Characteristics of spore chain types of isolated stre-
ptomycete strains

Spore chain type

Depth Total
Rectiflexibiles Retinaculiaperti  Spirales
Surface (%) 68 (45.9) 23 (15.5) 57 (38.5) 148
10 cm (%) 101 (56.7) 20 (11.2) 57 (32.0) 178
50 cm (%) 83 (64.3) 11 ( 8.5) 35 (27.1) 129
Total (%) 252 (55.4) 54 (11.9) 149 (32.7) 455

Table 3. Characteristics of aerial mass colors of isolated stre-

ptomycete strains

Aerial mass color
Gray Red Yellow Green White

Surface (%) 105(70.9) 5(3.4) 9( 6.1) 4(2.7) 25(16.9) 148
10 cm (%) 108(60.7) 7(3.9) 17( 9.6) 4(2.2) 42(23.6) 178
S50cm (%) 71(55.0) 5(3.9) 14(10.9) 10(7.8) 29(22.5) 129
Total (%) 284 (62.4) 17(3.7) 40 ( 8.8) 18 (4.0) 96 (21.1) 455

Total

Depth

el L 7] AS] AAbo] clofsle] olZle] Streptomyces
o] & AAsted Faslk £ ATl x FelE
vl TFF Streptomycess T2 A SA 02 A}
oAl e} 7| FAbe] MANS EoF Zlo|H 2 u| s
Table 22} Table 3o Z}z}t vleluigit}.

A e 2 FxAMe] Feljoll AAd= rectiflexibiles
o] 55.4%F 7VA 2k o™ retinaculiaperii 3°] 11.9
%, spirales F°) 32.7% o|sic}). zt EApAf 2] el &
EoF Zo|HME w|us) B guiy o g Fef glxr) =
L 7o g oAl rectiflexibiles 32 EQF Zlo|7} Z)of
ApE 2] RIe7} olr| = vl retinaculiaperti2}
spirales 33-& BoF Zlo)|7} Zlo] ApE K] vlxr} o}
)= 74 8Fe]g])

7] AL ”‘“”"’ﬂ el = AAH oz A Ao
62.4%=% 7} Wol Fe|xdch EoF ZoHE nluls
B 3| A2 E5 F9olx] Bl ot e
rEd, = R Al FL Zlo7) o ApE Folx|= H
groldc). BAMA ] W e E wdTE | E o XA}
A2 e 2= rectiflexibiles o), 181 7] T4 A
Ao = 3 A AlEo] Fol] BalEch Streptomycesst I
T2 e EA S AR B A HAHE v|Fo]Ed
ksl Streptomycess dT-= 25| fEIAME EE
®ub oluz} X|3} 50 cmF ol AHE A3 Eoks
o] 83l Zlo| 8% A oE ¥ir)

HES

o

1. Tanaka, Y. and S. Omura. 1990. Metabolism and products
of actinomycetes -an introduction. Actinomycetol. 4: 13-14.

2. Williams, S. T., M. Shamemullah, E. T. Watson and C. I.
Mayfield. 1972. Studies on the ecology of actinomycetes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

in soil. VI. The influence of moisture tension on growth
and survival. Soil Biol. Biochem. 4: 215-225.

. Athalye, M., J. Lacey and M. Goodfellow. 1981. Selective

isolation and enumeration of actinomycetes using rifam-
picin. J. Appl. Bacteriol. 51: 289-297,

Z1AFRl o7} H A olrjel AlvlE, felx 1994 &
AR Axlele] o3 wpFe] AeH el Abav]
A58k 3] %] 22: 222-225.

. Nonomura, H. 1988. Isolation, taxonomy and ecology of

soil actinomycetes. Actinomycetol. 3: 45-54.

. Nonomura, H. and M. Hayakawa. 1988. New methods for

the selective isolation of soil actinomycetes. Pp.288-293. In:
Y. Okami, T. Beppu and H. Ogawara(ed.), Biology of Ac-
tinomycetes '88. Japan Scientific Societies Press, Tokyo.

. Hayakawa, M. 1990. Sclective isolation methods and dis-

tribution of soil actinomycetes. Actinomycetol. 4; 103-112.
21221 0]}, o} r)el Alubx, W oA HbE=] 1995 &

F Exjo] ol 8| aupal o) Rel. eRAk vl a3
x] 23: 36-42.

CHeA], BHEAL o] 3, Al 1996, Al Eof Al

2| & chepyd Fx. A e A EEE] ] 24: 399-403.
dAG, dA, e, vheAl, ol&3], AR 199%.
2ld B BEof uhdde] & ook BE. glAld el A
=38}13]R] 24: 534-539.

Woodruff H. B. 1989. Fifty year's experience with actino-
mycete ecology. J. Actinomycetol. 3. 79-88.

Takahashi, Y., Y. Seki, Y. Tanaka and R. Diwa. 1990.
Vertical distribution of microoganisms in soils. Actinomy-
cetol. 4: 1-6.

Ronald, M. Atlas. 1993.
Media. Pp.126. CRC press.
Hayakawa, M. and H. Nonomura. 1987. Humic acid-vita-
min agar, a new medium for the selective isolation of soil
Actinomycetes. J. Ferment. Technol. 65: 501-509.
Rowbotham, T, J. and T, Cross. 1977, Ecology of Rhodo-
coccus coprophifus and associated actinomycetes 1n fresh

water and agricultural habitats. J. Gen. Microbiol. 100:
231-240.

o33, wlefe], e, aH, o] 7. 1991 WA B4
=3 B R vl 2] Eele #3F A7), HE
2 A8 7A(BSG7110-295-3), Pp. 29-30. §+=-3}3}
71gdd, A5l T4

A2 1995 ASEFIA viAEwA 7271 .

Handbook of Microbiological

oo T
8} %A A8 314 (BSN81550-738-3), Pp. 24-25.
Lechevalier, M. P and H. Lechevalier. 1970. Chemical
composition as a criterion the classification of aerobic ac-
tinomycetes species. Int. J. Syst. Bacteriol. 16: 313-340.
Lechevalier, H. A. 1989. A practical guide to generic
identification, Pp. 2344-2347. In S. T. Williams, M. E.
Sharpe and J. G. Holt(ed.), Bergey's Manual of System-
atic Bactericlogy, Vol. 4, Williams & Wilkins, Baltimore.
Shirling, E. B. and D. Gottlieb. 1966. Methods for char-
acterization of Sreptomyces species. Int. J. Syst. Bactriol.
16: 313-340.

2]

(Received 14 April 1997)



