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ABSTRACT : In order to evaluate the antifungal activity of bacteria against plant pathogenic fungi, 8
bacteria were isolated from mushroom compost, hot spring, seaweed, and forest soil and mutants from them
were induced by LDys gamma radiation(*Co). Bacillus circulans X1, Burkholderia gladioli K4 and Bacillus
subtilis YS1 showed wide antifungal spectrum against 12 kinds of plant pathogenic fungi. From the radiation
sensitivity test, B. gladioli K4 was very sensitive to gamma radiation and its Dy value was 0.11 kGy.
Antifungal activities of B. circulans K1-1004 and B. subtilis 'YS1-1009, which were induced by the radiation
of “Co increased against Botryosphaeria dothidea. The mutant strains, B. subtilis YS1-1006 and B. subtilis
YS1-1009 were resistant to tebuconazole and copper hydroxide. SARS535, SAR5108, and SARS118 mutated
from Streptomyces sp. SARO1 were antifungal activity deficient mutants against 5 kinds of plant pathogenic
fungi compared to wild strain, so that they could be supposed to be model strains for studying antifungal
mechanism. It is suggested that various functional types of mutants could be induced by gamma radiation

and applied usefully.
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Table 1. Antifungal spectra of 8 isolates from various environments

Plant pathogenic Antifungal activities of isolated strains

fungi K1 K3 K4 YS1 SAR0L J5171 J5272 J5274
Rhizoctonia solani + + + + NT + n +
Rhizoctonia solani(BP) + + + + NT NT NT NT
Fusarium oxysporum + + + + - - - -
Mycospharella melonis + + + + - - - -
Alternaria solani + + + + - + + -
Botrytis cinerea + + + + + - - -
Phythium ultimum + - + + - : - -
Pyricularia grisea + + + NT + - - -
Sclerotinia sclerotiorum + + + + + + + +
Colletotrichum gloeosporioides + + + + + . ) A
Phytophthora capsici + + + + + + + +
Botryosphaeria dothidea + + + + + + +
Pyricularia oryzae + + + NT NT NT NT NT
Alternaria alternata NT NT NT + + + + +

+ @ inhibition, - : non inhibition, NT: no test.
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Table 2. Dy values and sterilization dose of gamma radiation
of the bacteria isolated from various environments

Strain Dy value Sterilization
(kGy) dose(kGy)
K1(Bacillus circulans) 1.93 18
K3(Bacillus circulans) 2.36 2
Ké(Burkholderia gladioli) 011 1
YS1(Bacillus subtilis) 2.08 20
J5171(Bacillus cereus) 0.49 10
15272(Bacillus cereus) 1.89 6
J5274(Bacillus cereus) 042 3
SARO1(Streptomyces sp.) NT 6
NT: no test.
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Flg. 1. Radiation sensitivities of anhfungal bacteria isolated
from various environments. A, B. circulans K1; B, B. circulans
K3; C B. gladioli K4; D, B. subtilis YSI; E, B. cereus J5171; F,
B. cereus 15272, G, B. cereus J5274.
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Table 3. Antifungal spectra of radiation-induced mutants of B. ciraulans K1 and B sublilis YS1 against plant pathogenic fungi

Plant pathogenic fungi Kl muants Y01 mutants
K1-1001 Ki1-1002 K1-1003 K1-1004 YS1-1006 YS1-1009
Rhizoctonia solani + (9 + (9 + (=) + (< wi) + (= wi) + (= wt)
Rhizoctonia solani(BD) +(® + (< wh) + (< wi) + (< wh) +(= wi) + (<)
Fusariun oxysporum iy, (< wi) + + (< wi) (< w) *w)
Mycospharella melonis + (> wi) + (=) + (=) + (>wt) + (= wi) (< wy
Alternaria solani + (3 +(9 +(9 + (> wi) + (= wt) + (= w)
Phythium. ultimum 6 0 0 9 (< w F<wy
Botryosphaeria dothidea + (> wi) + (> wi) + (> wi) + (> wt) + (= wt) + (> wt)
Pyricularia oryzae rEw (< wh e 6 tEwW W)
Degree of inhibition : +(<10 mm), ++(> 10 mm), wt means wild type strain.
Table 4. Changes of antifungal activities between SAR01 and its mutants
i . Antifungal activities of SAR01 and its mutants
Plant pathogenic fungi
SAR01 534 535 536 5108 5112 5113 5118
P. grisea + + + + + + + -
C. gloeosporioides + + + + + + + -
A. solani - + - + - - + -
E. oxysporum - - - - - - - -
B. cinerea + + - + - - + *
A. alternata + + - - - - + -
P. capsici + + - + - + + +
P. ultimum - + - - - - + -
M. melonis - - - - - -
B. dothidea + - + - +
S. sclerotiorum + + - + - -
+ : positive, - : negative
Table 5. Extracellular enzyme activities of mutants and wild Ze fFe BduolA e 574 Al A o
type strains of B. crculms K1 and B subtilis YS1 upon solid 3 S M Al 832 & = Jon, bkl 7]
media B4 Ale] jgelE Fo o] B Aow AZErh
) Enzyme activities
S wcside ST IA | CA ligninmse O RTO SN0 23S SIB Hils ¥ 59
XMEhd bl
K = -t ) walzAl] o8| B, ciradans K114 §=% KI-1001,
K1-1001 + - - - - K1-1004¢} B. subtilis YSIOM =¥ YSI-10063 YS1-1009
K1-1002 + - + - ; EAoAlE FAF B4 W3t HEo f7lE s R
KL1003 . ) N ) ) FoF Aado] wslsiyltt K1-1001 EdwolAle Ay £3f
FAo] o] AAlEY oL}, YS1-1009 SAwolA|e] AS- of
K10+ S : AE 7ol vla) §71% Balso] Z715ArkTable 5). me}
Y81 o BT . A o] KI00L Saelal Aol ls) AQtapseol
\S11006 N i . i N aAd Zog oY B subtilis K1 w#572] A|AAR] ¢
= =R E O olslel= 2=
o L . 4 Az 9 EARELE 54E olssiet) o8 & go

ISA: amylase activity; LA: lipolytic activity(fatty acid esterase).
CA: cellulolytic activity(cellulase).
YEnzyme activity(+ : good, ++ : very good, - : negative).

), YS1-1009 Sduoldls AdR o] 718 Ao Hol
HE AA Az BEHA0] & AR AlREH:

B. subtilis YS13} Sddold] FFEL 1729 A wok
ol halA AzHde vehdon goko] H7he AR A
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Table 6. Resistant patterns of mutants and wild type strains of B circulans K1 and B. subtilis YS1 against pesticides

Pesticides(ppm) K1 K1-1001 Ki1-1002 K1-1003 K1-1004 YS1 YS1-1006 YS1-1009
Benomyl(250) +++ +H+ +#+ ++ ++ +H+ + ++
Flusilazole(20) +H ++ +H+ i+ ++ ++ ++ +H
Tebuconazole(250) - - - - - - - ++
Oxadixyl(250) e+ 4t +++ R ot e+ +++ ++
Edifenphos(300) ++ ++ ++ 4+ +++ +H+ +++ +H
Mancozeb(1,000) + ++ ++ ++ ++ + ++ ++
Pencycuron(250) ++ ++ ++ +++ ++ +++ +++ ++
Azoxystrobin(100) ++ ++ + ++ ++ ++ +++ ++
Copper hydroxide(800) - - - - - - ++ .
Isoprothiorane(400) +++ + +H+ +H+ + ++ + +
Iprobenphos(50) ++ +H+ - 4+ + ++ + +
Chlorfenaphy(50) ++ ++ ++ o+ ++ ++ + +
Imidacloprid(50) H+ +H+ A+ 4+ A+ +H+ ++ ++
Carbofuran(300) +H+ ++ ++ ++ ++ ++ ++ +H+
Fenpyroximate(25) o+ +H+ ++ 4+ 4+ ++ + ++
Chlorpyrifos(200) ++t +++ ++H ot ++ ot ++ +
Fenobucarb(500) - - - - - - - -
Diazinon(30) +H +H +H +H+ ++- +++ H+ ++
Butachlor(50) 4+ ++ +H+ -+ ++ ++ ++ ++
Glyphosate(50) +++ +++ +++ +4+ 4+ 4+ ++ ++
- 1 1o resistance, + @ mild-, ++ : good-, +++ : excellent-resistance.

Fe A4S HoltKTable 6). Tebuconazoleo] TN B wHH(Co)S o8l LDk o)H EAMelAS fEslth

subtilis YS19] E<1HolA|) B. subtilis YSI-1009 37} #8}
A& vERlow, copper hydroxideo] thalr= B. subtilis
YSI-1006 Eho] Tt Aade Bk e} Aol
fenobucarbel] thajr= BE FFE0] Ao Qe Ao=w
Uelstth 2 A Kol 919 Foko) thek A3 27}
32 T el B 2ol 78 fushE Al &
w0} Hetdrhd dzly 24 E?ﬂ o[Al #Fe] WAE
A % EFEA Hgo] ts folafd Aow Algdct
olel AnE & uf, WAAE o83 EdolA R

A% 7154 52 Agel sbsskn, 3w 49 B
of FE olglel YAT /14 A7} Solal fo1% ¥
s 2 50 A9l Aol B R4 Afo )
#2 AMER VI SRS o] Jled,
2 o
AT M B4 2 s5ue SRS 2AEY 98
oF WA, A AR L AREgo Ry ATy
24 A7 BF 8 o) P B FEE FelRn 7
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