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덜Ꙩ 굮 듓 꽦깠 걏ꗑꑧ쑛껚냩꽵뗟꧒ꓞ끟(21)ꅁꑷ 곣ꡳꑈ귻ꝑꗎꑧ

쑛띌ꗍ   Ꝁꗎꅁ곣땯꣮꽵뗟ꗍ ꗍ  ꩶ쏄 ꅁ ꗎ꧳ꗐ  ꩶ(4, 8, 

10, 16, 17, 18, 22, 23)ꅃꗘꭥꙢꛛ땍곉쇶ꑷ뽺뿯ꕘꑀ꣣ 뇾뗟 ꧊ 띌ꗍ ꅁ꣒꙰ꅁ 

돦굍뗟ꅝPseudomonas sp.ꅞꅂ걜꿳뇬뗟ꅝBacillus subtilisꅞꅂꓬ연뗟ꅝTrichoderma sp.ꅞ

뭐꧱뵵뗟ꅝStreptomyces sp.ꅞ ꅁ꽵 뙩ꑊ 돵  ꭾ  Ꙩ(2, 7, 14, 16, 19)ꅃ걜

꿳뇬뗟쓝 쓵ꓳ ꧊ꅁꙮ껰꧊뇬 닓뗟ꅁ꣣뙧ꗍ썀ꓲ ꗍ챕ꑬ ꣤멁ꑗꕄ굮

꽓뱸ꅁ 쏾닓뗟 륍꙳Ꙣ꧳ꑧ쑛듓 엩ꫭꅁꙢ ꭾꅂ륽껆뉋ꕛ ꅂ믃꿀ꅂ뫘ꑬ

ꭏ앀  ꗍ 띾땯깩 ꗎꑷ Ꙩ꙾(1, 2)ꅁ ꑀ꿫뭻ꥷ쓝꧳ꙷꗾ꧊  꽱띌ꗍ 

뫘쏾(1, 3)ꅃꗑ꧳ꕩꕈ ꗍ ꗍ챕ꑬꅁꙢ끦맒ꑕ꧶꧳꙳ ꅁꕂꙢ 챕륌땻 ꅁꕩ 

ꗍ맯Ꙩ뫘꽦귬뗟꣣ ꣮Ꝁꗎ ꗍ 뷨ꅝantibiotic substanceꅞ(2, 3, 19)ꅁꙝꛓꙢ

듓 꽦깠 ꩶ ꗎ꧊ 뙽땯ꅁꙨ꙾꣓돆꣼ 뗸ꅃ걜꿳뇬뗟맯꽦귬꽵뗟ꥍ닓뗟꣣ 

Ꝁꗎꅁꑷ ꓥ쑭돸ꝩ걜꿳뇬뗟ꕩ ꗍ덜Ꙩꕎ쇂  ꥍꗍ 뷨ꅁ꣤ ꛜꓖ 

66뫘 Ꙑ ꗍ 뷨(2, 11, 19)ꅁ  ꭾꑷ ꥷꕘꑀ뫘뫙 ”iturin A”  뷨(2, 

15)ꅁ ꓆Ꙙ 라뭐꽦귬꽵뗟닓굍  빊꓀ꑬꅝsterolꅞꝀꗎ 뷆Ꙙ ꅁꙝꛓ꣏

녯싷ꑬ뛇뻉ꓕ믘뱗ꑪꅁ엜닓굍   덺꧊ꅁ륛싷ꑬ 덴걹ꕘꅁ뙩ꛓ뻉교꽦귬꽵

뗟뗟 ꓀룑ꣃ꣮챕ꑬ땯꫞(2, 12, 15)ꅁ륆꣬ ꩶ꽦깠 껄ꩇꅃ 

냪ꕾꝑꗎ걜꿳뇬뗟Ꙣ꽦깠ꗍ  ꩶꑗ  ꗎꅁꑷꛦ  ꙾ꅁꕂ 냓ꭾ꓆ ꭾ

꣑Ꝁ ꗍ 뭳 ꣏ꗎꅃ ꙗ KodiakTM뭳 ꅁꝙ 과냪 Gustafson ꕱ ꭾꅁꕄ

 ꓀ 걜꿳뇬뗟 ꗍ챕ꑬꅁꕄ굮 ꗎ꧳뫘ꑬ덂뉺ꅁ ꩶ굝듁꽦깠 ꙍ깠(1, 2, 13)ꅃ

ꭘ  Novosibrisk ꕱ꫱꙾꣓꧒뇀ꕘ 걜꿳뇬뗟냓ꭾ BactophytTMꅁꕄ굮뇀싋꣏

ꗎ꧳닓뗟꧊꽦깠  ꩶ(13)ꅃꗁ냪 90 ꙾ꕸ왗ꑷ 냪 륁쏄 ꕱ  땮끏ꗍ 걜꿳

mailto:sskao@tactri.gov.tw
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뇬뗟띌ꗍ 뇾뗟 ꅁ뇀싋ꗎ꧳뷜 ꗕ 꽦  ꩶꅁ꫱ꑇ꙾ꗧ 쓲 ꣤ꕌ ꕱ곣땯

 ꭾꑗ ꅃ  ꓮ 냢 ꭾ냑깴 믴ꅁ냪 륁걆ꕄ뫞뻷쏶 덤ꗴ듺ꥷ걜꿳뇬뗟 

ꭾ  껄ꗍ  ꧊ꅝbiological activityꅞꅁ ꭾ뷨쏶ꅃꗑ꧳ꗍ 뇾뗟  ꭾ 껄

 ꓀ꕩꕈ걏돦꿂 뗟엩ꅁ걏꣤ꕎ쇂  ꅁꑝꕩ꿠걏뗟엩ꕛꑗꕎ쇂   Ꝁꗎꅁ

 Ꙑ 믝ꡄꅁ뇄꣺ Ꙑ땯믃ꓨꩫꅃ륌ꕨꓥ쑭돸ꝩ꣏ꗎ돦ꛬ 챕ꑬ볆 CFUꅝcolony 

forming unitsꅞꗐ 룕엧ꅁꥼ ꕵ끷맯ꕎ쇂  뙩ꛦꗍ  ꧊듺룕ꅃꗑ꧳꣮ꥷ

 껄ꗍ  ꧊ 듺룕ꓨꩫ ꩇ꓀꩒ꅁ라꣼꣬Ꙩ ꙝ꿀 뱶암ꅁꓗ꣤ 껄 ꓀ꝴ

 ꕎ쇂   ꗍ 뇾뗟  ꭾꅁꕀ곉ꙕ냪 ꑆꝑꗎ 챕ꑬ볆ꅂ맯ꯏ룕엧ꅂ룻뙏껉

 럅ꯇ룕엧ꗐ 룕엧 ꕾꅁ곣ꡳꑈ귻 ꯹쓲Ꝗꑏ굱ꥷꑀ깍뉺띑 덗껦샋엧ꓨꩫ

ꕩꕈ닅Ꙙ ꭾ 맪믚뗻꛴믝ꡄꅃ 

 룕엧뿯뻜 6 뫘듓 꽦귬꽵뗟 룕엧ꟷ껆ꅝꫭꑀꅞꅇꓴ뵟ꗟ걜 껖뗟

ꅝRhizoctonia solaniꅁ쇊ꛛ띳ꛋ ꑵ꧒ BCRC 35687ꅞꅂꛊꙘꗕ롨꽦뗟ꅝSclerotium 

rolfsii Saccardoꅁ쇊ꛛ띳ꛋ ꑵ꧒ BCRC 35714ꅞꅂ 뫀ꛇ연꽦뗟ꅝBotrytis cinerea, 

ꗑ ꧒ ꭩ돓ꗽꗍ ꣑ꅞꅂ   꽪꽦뗟ꅝColletotrichum musaeꅁ쇊ꛛ띳ꛋ ꑵ

꧒ BCRC 38047ꅞꅂ쉣ꩇ 꽪꽦뗟ꅝGlomerella cingulataꅁꗑ ꧒ ꡱ꽝돕ꑨ ꣑ꅞ

뭐땦굘굍뗟ꅝFusarium oxysporum f. sp. lycopersiciꅁ쇊ꛛ띳ꛋ ꑵ꧒ BCRC 

32107ꅞꅃꙐ껉뿯뻜 3뫘냪  Ꙑ륁쏄 ꕱꗍ 뭳덹 걜꿳뇬뗟 ꭾꅇꕎ  뫙  

 

ꫭꑀꅂ걜꿳뇬뗟 3뫘 ꭾ맯 6뫘꽦귬꽵뗟 ꕢ볆뗟뽀ꯗ 
Table 1. The 50% inhibition concentrations (IC50) of three Bacillus subtilis-based products 

against six fungal pathogens 

IC50  (ppm)3)  for 
Product A1)  Product B1)  Product C1) 

Fungal 
pathogens 

B. subtilis 
and its 
related 

metabolites 

Related 
metabolites 

B. subtilis 
and its 
related 

metabolites 

Related 
metabolites 

B. subtilis  
and its 
related 

metabolites 

Related 
metabolites 

Rhizoctonia 
solani 

13 
(12-15) 

202 
(177-266) 

4,016 
(3,725-4,306) 

b2) 
971 

(863-1,078) 
a2) 

Sclerotium 
rolfsii 
Saccardo 

b b b b 
11,656 

(8,953-14,360) 
b 

Botrytis cinerea 
532 

(452-612) 
5,729 

(5,074-6,384) 
a a 

2,220 
(1,784-2,656) 

a 

Colletotrichum 
musae 

133 
(132-135) 

162 
(158-166) 

b b 
1,286 

(1,216-1,355) 
b 

Glomerella 
cingulata 

150 
(148-153) 

201 
(200-203) 

739 
(646-832) 

b 
2,122 

(2,026-2,217) 
b 

Fusarium 
oxysporum f. 
sp. lycopersici 

2,150 
(2,109-2,192) 

2,184 
(2,099-2,270) 

b b 
11,167 

(11,018-11,316) 
b 

1)  Product A, B and C are different products individually. 
2) ”a ”means the range of IC50 is between 20,000 ppm and 30,000 ppm; ”b” means the IC50 is 

above 30,000 ppm. 
3)  The numbers in parentheses are the 95% fiducial limits. 
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ꅵ샋ꭾ Aꅶꅝ  ꅞꅂꅵ샋ꭾ Bꅶꅝ뉇 ꅞ뭐ꅵ샋ꭾ Cꅶꅝ  ꅞꅃ 곣ꡳꭙꗽꕈ걜꿳

뇬뗟 맯뙈ꅁ링룕ꯘꗟꣃ굱ꥷ뇾뗟  ꭾꕄ ꗷ ꕎ쇂   ꗍ  ꧊샋듺ꓨ

ꩫꅁꣃ 끑ꑗ굺 3뫘걜꿳뇬뗟 ꭾ맯 6뫘꽦귬꽵뗟 ꣮ 뭐껄ꑏ꓀꩒ꅃ뛇닎

ꑗꅁ걜꿳뇬뗟뭐꽦귬꽵뗟ꭙ뇄ꗎ맯ꯏꗍ룕엧뙩ꛦ꧊뽺뿯ꅁꗎ꣓샋듺걜꿳뇬

뗟뻣귓뗟뉇ꅁ때ꩫ뵔꓁셁룑걜꿳뇬뗟뗟엩싷ꓟꯡ ꕎ쇂   ꕄ ꗷ껄ꑏ (4, 

5)ꅁ꿊쉉ꕝ걁룕엧껉 ꅝ ꗷ륆 9ꓑꕈꑗꅞꅁ뗟껄ꑏꕵ꿠ꕈ꣮뙚싷ꫭꗜꅁ

ꕂ굱ꥷꙨꓖꑾ걏 껄뙚싷 땵볐럇ꅁ    ꅁ 냷ꯈ왛ꅃ ꓥ냑ꛒꗍ꿀녠

ꗎ샋듺귬뉺(6)ꅁ녎ꯝ듺걜꿳뇬뗟뗟뉇ꕎ쇂  ꅝ롧싷ꓟ륌쉯덂뉺ꅞ뉖꓃꧳

 냶빩냲ꙁ녎꽦귬꽵뗟뗟 뛴롭꧳   ꅁꕩ셙땵샋듺껉 ꅁ 돌Ꟗꕩ꧳

3ꓑ 듺ꥷꕎ쇂   뗟껄ꩇꅁ뻞Ꝁ ꭋꅁ뇸ꗳ깥꧶ ꣮ꅁꛓꕂ볆뻚롧륌 뫢

ꯡꕩꕈ뙩ꛦ닎군꓀꩒뭐ꓱ룻ꅃ 

룔닓룕엧ꡂ왊꙰ꑕꅁ녎꣑룕 꽦귬꽵뗟 뫘꧳ 륡  뗥뽽 꿗 ꅝpotato 

dextrose agarꅁPDAꅞ  ꅁ롭꧳ 25ꉊ냶빩 3ꛜ 9ꓑꅝ Ꙑ꽦귬꽵뗟ꛓ ꅞ꣏

꣤  ꅁ뇽꣏ꗎꭥꅁꕈ 깼 4 mm ꓕ ꯵꣺뗟 ꙹ뫝뛴ꅝ뛪 깼 4 mmꅞ

롭꧳ PDA   ꅁ롭꧳ 25ꉊ냶빩돆ꗎꅃ 3 g볋ꭾꕛ 27 ml때뗟ꓴꛜ때뗟ꑔ 

뉾 끴뭳 10   샋엩땽쓀뉇ꅁ 뗛롭꧳ 둟  샺 ꑗꅁꕈ 30ꉊꅁ200 rpm

 샺 1ꑰ껉ꅃ땍ꯡ녎 ꑔ 뉾롭ꑊ 60ꉊ ꓴ꽄 ꅁꓴ   ꧳ 10 샋엩땽쓀뉇

 뉇 ꅁꯝ뉾 럅ꯗ륆 60ꉊꯡ뙽ꥬ군껉ꅁꕛ볶 30꓀쓁ꅃꅝ굙뇽듺룕ꕄ굮 ꗷ ꕎ

쇂  ꅁ믝롧싷ꓟ녎뗟엩꓀싷ꅃ롭꧳ 덴싷ꓟ뻷 7,000 rpm 싷ꓟ 20 ꓀쓁ꅁ꣺ꑗ

뉍뉇ꅁ롧 0.45 μm 닓뗟륌쉯 륌쉯ꅁꝙ녯꣬샋엩ꕎ쇂  10 땽쓀뉇ꅃꅞ 

쇗ꝋ땽쓀뽀ꯗ 뗟 ꧊ 0 % 100 %ꅁꥹ녎 10 샋엩땽쓀뉇뙩ꛦꙨ 덳쓲

땽쓀ꅁ둍빁럭뽀ꯗ뵤돲ꅝrange findingꅞꅃꡃꑀ꣑룕뽀ꯗ끴뭳 100 ml PDAꣃꝴ

 100 ppmꅝμg/mlꅞ띳연꿀 믄왑ꅝneomycin sulfateꅞꅁꕈ쇗ꝋꙢ샋듺륌땻 걜

꿳뇬뗟 ꭾꕛꑵ껉ꕩ꿠 ꑊ 샴맒띌ꗍ 곛ꅝmicrofloraꅞꗍꅁꑺ쉚꽦귬꽵뗟

 ꗍꅁꣃꝑ꧳군뫢꽦귬꽵뗟꣼걜꿳뇬뗟 ꭾ ꑇ ꕎ쇂   ꣮ ꅃꕈ 

ꝴ걜꿳뇬뗟뗟엩ꕎ쇂  ꛓ뛈ꝴ 100 ppm 띳연꿀 믄왑 PDA   맯럓

닕ꅃꡃ귓뽀ꯗ  뷆  ꅃꕈ때뗟Ꝭ뫞녎 100 ml냶빩뉇꓀룋  귓 9 cm 냶빩

ꗗꅝ20 ml/ꗗꅞ ꅁ ꯡꅁ 뫘 깼 4 mm꣑듺꽦귬꽵뗟 뗟 뛴꧳ꙕ PDA 

    ꅁ뗟  듂ꑕꅁ롭꧳ 25 ꉊ 냶빩ꅁꯝ맯럓ꗗ 뗟  ꯡꅁ끏뿽ꙕ

듺룕뽀ꯗ 뗟  ꗍꕢ깼ꅝmmꅞꅝ맏ꑀꅞꅃ ꑆ빁Ꙙ륁ꗁꑪ 셁룑ꅁ ꓥ녎

뗟껄ꑏ ꕈ볆뻚꓆ꅂꯈ왛꓆뭐 륍꓆ꅁ꓀ꝏ 뫢ꕘꙕ땽쓀뽀ꯗ샋ꭾ 뗟 ꧊

ꅝinhibition activity, IAꅞꅁIA (%)=[1-뗟   ꗍꕢ깼(mm)/43(mm)]ꇑ100%ꅝ맏

ꑇꅞꅃ 뫘땽쓀뽀ꯗ  ꝴ뗟 ꧊ꑪ꧳ 50% ꑇꅝꑔꅞ뫘땽쓀뽀ꯗ뗟 ꧊

ꑰ꧳ 50% ꑔꅝꑇꅞ뫘땽쓀뽀ꯗꅃ 곣ꡳ뙩ꑀꡂꕈ뽀ꯗ맯볆-뗟 ꧊ꅁꝀ Probit 

analysis녯꣬맯룓꽦귬뗟 ꕢ볆뗟뽀ꯗꅝ50 % inhibition concentrationsꅁIC50ꅞꅃ

꣏ꗎꕢ볆뗟뽀ꯗ꣓ꫭꗜ꿠냷꣮ 50%꽦귬꽵뗟ꗍ 샋ꭾ뽀ꯗꅆ굙샋ꭾ ꕢ볆

뗟뽀ꯗ띕 ꅁꫭꗜ뗟껄ꩇ곛룻 ꑕ띕ꝃꅃ 

 곣ꡳ녎샋ꭾ꓀  ”뗟엩꣤ꕎ쇂  뉖Ꙙ뉇” 뭐 ”ꕎ쇂  ” ꑇ ꓀ꅁ땽쓀

40 ꛜ 10롕 뙩ꛦ룕엧ꅝ땽쓀 볆돌닗 믝뗸샋ꭾ맯꽦귬꽵뗟 뗟 ꩰ 빁럭

뷕뻣ꅞꣃ군뫢뗟 ꧊뭐ꕢ볆뗟뽀ꯗꅃꗑ룕엧 ꩇꅝꫭꑀꅞ녯 ꅵ샋ꭾ Aꅶ  ”
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뗟엩꣤ꕎ쇂  뉖Ꙙ뉇”  ”ꕎ쇂  ”ꅁ ꑆ맯ꛊꙘꗕ롨꽦뗟ꡓ ꧺ엣뗟

껄ꩇꕾꅁ맯꧳ꓴ뵟ꗟ걜 껖뗟ꅂ 뫀ꛇ연꽦뗟ꅂ   꽪꽦뗟뭐쉣ꩇ 꽪꽦뗟 4

뫘듓 꽦귬꽵뗟  ꯜꙮ 뗟껄ꩇꅃꅵ샋ꭾ Bꅶ  ”뗟엩꣤ꕎ쇂  뉖Ꙙ뉇”  

ꑆ맯쉣ꩇ 꽪꽦뗟뭐ꓴ뵟ꗟ걜 껖뗟 ꧺ엣껄ꩇꕾꅁ맯꧳꣤ꕌ 4 뫘듓 꽦귬꽵뗟

 ꡓ 땯ꗍꧺ엣껄ꩇꅃꅵ샋ꭾ Cꅶ  ”뗟엩꣤ꕎ쇂  뉖Ꙙ뉇”  ꑆ맯ꓴ뵟ꗟ걜

 껖뗟 ꧺ엣껄ꩇꕾꅁ맯꧳꣤ꕌ 5뫘듓 꽦귬꽵뗟쇶 껄ꩇ 엣뗛ꅃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

맏ꑀꅂ ꭾ꧳ Ꙑ뽀ꯗꑕ맯쉣ꩇ 꽪꽦뗟 뗟 ꅝꕈ ꭾ뵳 C ꣒ꅞꅃ 

Fig. 1. Inhibition on growth of Glomerella cingulata on agar plates (exampled by “product C”). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inhibition activity (%)=[1-average radius of the growth zone (mm) / 43(mm)]×100 

 

맏ꑇꅂ걜꿳뇬뗟 ꭾ 뗟 ꧊ꅝinhibition activityꅁIAꅞ 맏ꗜ뭐뫢ꩫꅃ 

Fig. 2. Schema and equation to evaluate inhibition activity (IA) of Bacillus subtilis products. 
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ꑀ꿫ꛓ ꅁ걜꿳뇬뗟 ”뗟엩꣤ꕎ쇂  뉖Ꙙ뉇”   “뗟엩” ꙁꕛꑗ “ꕎ쇂

  ”ꅁ꧒ꕈ맯꧳꽦귬꽵뗟 ꣮껄ꩇꑪ꧳녎뗟엩싷ꓟꯡ돑ꑕ  ”ꕎ쇂  ”ꅃ룕

엧 ꩇ엣ꗜꅵ샋ꭾ Aꅶ ”ꕎ쇂  ” ꝙ꣣ ꕄ굮 ꣮ 껄ꅁ”뗟엩꣤ꕎ쇂 

 뉖Ꙙ뉇” 뛈뱗ꕛꑀ꣮껄ꩇꅁ쏒맪ꅵ샋ꭾ Aꅶ ”ꕎ쇂  ”  ꝙꝴ ꕄ굮

뗟 ꗷꅃ땍ꛓꅵ샋ꭾ Bꅶ뭐ꅵ샋ꭾ Cꅶ  ”ꕎ쇂  ”  꿠꙰륷듁ꝴ ꕄ굮

뗟 ꗷꅁ꧒ꕈ꣮껄ꩇꣃ 뉺띑ꅃ 맪엧ꯇ뙩ꛦꗍ 뷨 ”iturin A”  HPLC꓀

꩒ꅁ땯뉻ꅵ샋ꭾ Cꅶ”ꕎ쇂  ”    ”iturin A” ꝴ뙱ꝃ꧳ꅵ샋ꭾ Aꅶ”ꕎ쇂  ” 

  ꑇꑑ꓀ ꑀꅃ 맪엧ꯇ 뗛뙩ꛦꗍ 뷨 ”iturin A” 볐럇ꭾꅝ쇊ꛛ Sigmaꅞ

 맯ꯏ룕엧ꅁꝀ 맯럓ꅁ땯뉻돦뽗멷ꕛ 30 µl  100 ppm볐럇ꭾꅁ맯꧳   꽪

꽦뗟ꅂ땦굘굍뗟   엣뗛뗟껄ꩇꅝ볆뻚 ꧳ ꓥꅞꅁ엣ꗜ ”iturin A” Ꙣ

뗟껄ꩇꑗꅁ쇶 걏냟ꑀ뵔맪면 굮  ꛢꅃ 

ꅵ샋ꭾ Bꅶꅝ뉇 ꅞ뭐ꅵ샋ꭾ Cꅶꅝ  ꅞ  ꭾ뗟껄ꩇ굙뭐ꅵ샋ꭾ Aꅶꅝ 

 ꅞꓱ룻ꅁꙢꭾ뷨 ꭾ쑶 ꑏꓨ ꙳ ꧺ엣깴뙚ꅁ뇀듺ꕩ꿠ꙝ꿀  ꭾ ꙷꥷ

꧊ ꣎ꅁ  끴ꓨꕎ쇂  땯믃뭳땻ꥼ 돌꣎꓆ꅁ뻉교 ꓀ꕎ쇂  돠  

 ꅃ ꑆ뗻꛴ꑗ굺뇀듺ꙝ꿀ꅁ 맪엧ꯇ녎ꅵ샋ꭾ Cꅶ 걜꿳뇬뗟뗟뫘꓀싷ꕘ꣓ꅁ

꣺돦ꑀ뗟 ꅝsingle colonyꅞ꧳ LB 뉇멁냶빩냲ꅝLuria-Bertani BrothꅁMiller, 

DIFCOꅞꕈ 30ꉊꅂ 200 rpmꅁ냶빩 16ꑰ껉ꯡꅁ뙩ꛦ맯ꯏ룕엧ꅁꕘꑈ띎껆땯뉻 

ꑆ맯ꛊꙘꗕ롨꽦뗟뭐ꓴ뵟ꗟ걜 껖뗟ꡓ ꧺ엣뗟껄ꩇꕾꅁ맯꧳ 뫀ꛇ연꽦뗟ꅂ

   꽪꽦뗟ꅂ쉣ꩇ 꽪꽦뗟뭐땦굘굍뗟 4뫘듓 꽦귬꽵뗟 ꛓꕘ뉻ꯜꙮ

 뗟껄ꩇꅝ볆뻚 ꧳ ꓥꅞꅁ곛쏶뇀듺샲녯 ꓀쏒맪ꅃ 뉻뙈ꑝ곰엣뙱 껉ꅁ

ꭾ뷨뫞꣮뇄ꗎ 껄ꭾ뫞ꓨꩫ  굮꧊ꅃ 

ꕴꕾꅁ샋듺ꅵ샋ꭾ Aꅶꅂꅵ샋ꭾ Bꅶ뭐ꅵ샋ꭾ Cꅶ 돦ꛬ 챕ꑬ볆ꅁ꓀ꝏ 2.5 

x 1010 CFU/gꅂ2.6 x 109 CFU/ml뭐 2.6 x 109 CFU/gꅁ엣ꗜꅵ샋ꭾ Aꅶ 돦ꛬ 챕

ꑬ볆 ꧳ꅵ샋ꭾ Bꅶ뭐ꅵ샋ꭾ Cꅶ곹ꑀ귓꿅볆ꅁꛓꅵ샋ꭾ Bꅶ뭐ꅵ샋ꭾ Cꅶ 돦

ꛬ 챕ꑬ볆ꭨ곛꫱ꅃ뫮Ꙙꑗ굺맪엧 ꩇ꓀꩒ꅁ ꭾ 돦ꛬ챕ꑬ볆뵔맪꣣걙땻ꯗ 

뗟껄ꩇꅁꕎ쇂  ꣣  뗟껄ꩇꕇ 땍ꑪ꧳돦ꛬ챕ꑬ볆 뗟껄ꩇꅃ 

걜꿳뇬뗟뭳  듓 꽦깠 ꩶ뻷꣮ꥼ 덑ꗾ뵌셁룑ꅁ ꯝ뙩ꑀꡂ뉠ꑊ곣ꡳꅁ

ꕄꙝꙢ꧳꣤ꕜ꿠 맼엣 Ꙩ Ꝁꗎ뻷꣮ꅝmultiple mode of actionꅞ  ꩇ(5, 16, 19, 

21)ꅁꕝ걁ꅇ뭐꽦귬샧빩  쑶 ꅁꗍ 뷨 Ꝁꗎꅁꭐ뙩ꑧ쑛 ꑪ꓀ꑬ ꓀

룑뭐샧빩  껄Ꝭ ꅁ ꑧ쑛꧊뷨ꅁꭐ뙩Ꝁ ꗍ뭐꽦꧊ 덜Ꙩꙝ꿀곛 띦

끴ꅁꑾ꿠륆꣬ ꕜ Ꝁꗎꅃ꣒꙰ꅁ챕ꑬ 뗟걉ꗎ꧳Ꝁ    ꅁꩇ맪 ꫭꗖ

뭐ꑧ쑛 ꅁ라뭐꽦귬꽵뗟뙩ꛦꗍ쑶 ꅁꗑ꧳걜꿳뇬뗟쓝닓뗟쏾ꅁ룻꽵뗟ꗍꟖꅁ

꿠 덴녎ꥐ돲ꕩꝑꗎ 샧빩Ꝭ 거뫉ꅁ뙩ꛓ샲교 ꩶ껄ꩇ(1, 2)ꅃ걜꿳뇬뗟 뛈ꕩ

ꕈ  뱑앸듓  ꓹ꣓ꭏ앀  꽵뗟꽦깠ꅁꗧꕩ걉ꗎ꧳ꑧ쑛 뫘ꑬ꧕뫘덂뉺ꕈ

륷 ꑧ쑛꽦깠(1, 2)ꅁ꣤맯Ꙩ뫘Ꝁ  ꗍꅁꓗ꣤걏껚  땯(1, 3, 20, 21)ꅁ   ꧺ

엣 ꭐ뙩Ꝁꗎꅁ쇙ꕩ   ꩇ뇄 ꯡ ꓮ뭇뇑 꽵뗟 (2)ꅃ귈녯ꩠ띎 걏꣤

ꗍ 뷨 Ꝁꗎꭙ뻣귓뗟엩ꕎ쇂 ꅝmetabolitesꅞ 뫮ꙘꝀꗎꅁꛓꭄ꙰뛇닎 ꗎꑗ

돦ꑀꗍ 뷨 Ꝁꗎꅃꗑ꧳걏Ꙩ  Ꝁꗎ뻷꣮ꅁ뛇닎륁쏄 ꗎꑗ녠  쏄꧊

ꅝchemical resistanceꅞ냝썄ꥼ 교꧳땯ꗍꅁꕛꑗ꣤맯ꑧ쑛ꅁꗍ멁샴맒ꕈ듓 ꗍ

ꅁ곒꣣ ꭐ뙩꧊   껄ꩇꅁ걜꿳뇬뗟맪 륁띾ꗃ쓲땯깩  굮쏶쇤 ꭾꅃ 
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ꗘꭥ 맪엧ꯇ 뽮 뙩ꛦ걜꿳뇬뗟ꕄ굮ꗍ 뷨(9, 15)ꅝ꣒꙰ surfactinꅂ”iturin 

A” ꅞ 곛쏶곣ꡳꅁ곛ꭈ ꑛꕩ맯ꑗ굺뇾뗟  ꭾ ꕄ굮 ꧊닕  ꟳꧺ뵔 셁

룑뭐뗻꛴ꅃꕸ왗뛇닎꓆뻇륁쏄 띾륌ꕨꑷꝃ끧곛럭 껉 ꅁ꙰ꩇ쇙띑Ꙣꗾ뉹륁

쏄 돵ꑗ 띳ꕘ땯ꅁꗍ 륁쏄 뇀뱳녎걏ꗁ 뭐걆 믝ꙀꙐꝖꑏ ꓨꙖꅃ뭐뛇닎

꓆뻇륁쏄ꓱ룻ꅁꗍ 륁쏄  돵ꗘꭥ 뉶쇶  ꅁ돌꫱둘꙾쁈뗛샴ꭏ껸뙏띎

쏑   ꅁ 돵 곛럭Ꟗ덴ꅁꓗ꣤ꕸ왗ꕛꑊꕀ곉뙔꧶닕 ꅝthe World Trade 

OrganizationꅁWTOꅞꯡꅁ륷듁라뱗ꕛ띌ꗍ 뇾뗟 냓ꭾ뙩ꑦ뫘쏾뭐볆뙱ꅃ ꧒

ꑷ끷맯 돵뫘쏾룻Ꙩꛓꕂ냪 ꑷ 뭳덹ꗍ  걜꿳뇬뗟ꅁ뗛ꓢ굱ꥷ곛쏶 ꭾ덗껦

샋엧ꓨꩫꅁꣳꝕ륁걆ꕄ뫞뻷쏶뙩ꛦ 껄뫞뉺ꅃ 

ꅝ쏶쇤뗼ꅇ걜꿳뇬뗟ꅂ뇾뗟 ꅂ뗟 ꧊ꅂꕢ볆뗟뽀ꯗꅞ

쇂  쏣 

 곣ꡳꗑꛦ걆끼륁ꥥ라 91륁곬-1.2.1-

쏄-P8군땥롧뙏룉ꝕꅃ꧓뭘 ꧒ꩌ뉑쇸ꑰꥪ

뭐ꩌꓫ과ꑰꥪꣳꝕ왛맮룕엧ꅁ싔 ꑀ꣖뭸

쇂ꅃ 

ꓞꗎꓥ쑭 

1. ꓽ룖 ꅃ2002ꅃ꧊뇬뗟쓝ꅝBacillus 

spp.ꅞ꧳ꓴ뵟ꗕ 걜꽦 ꩶ  ꗎ꣤

Ꝁꗎ뻷 ꅃ꣮냪ꗟ  ꑪ뻇듓 꽦뉺뻇꡴

뫓ꑨ뷗ꓥꅃ84 ꅃ 

2. Ꙗꧺꅃ1998ꅃꕸ왗ꗍ 륁쏄곣땯꣤ 

띾ꅃꗍ  띾뭐뭳쏄 띾ꅁꅝꑗꕕꅞꗍ

  띾ꅁ닄 7 ꅃꗐ  뵳ꅃꑅꙻ맏껑

ꓥ    ꕱꅃꕸꕟꅃ 

3. ꥐꭔꙎꅂ 껵ꙷꅂ걉꧉뫰ꅂ  뱸ꅂ 

뱷뷧ꅃ1997ꅃ꧊걜꿳뇬뗟ꅝBacillus 

subtilisꅞ 뽺뿯ꅂ룕뙱 냶빩뭐꽦깠 

ꩶ ꗎꅃ듓꽦라ꕚ 6ꅇ209-210ꅃ 

4.  ꩀꧺꅂ ꓥꅃ1985ꅃ걜꿳뇬뗟맯ꓴ

뵟 걜꽦뗟 ꗍꝀꗎ ꩶ껄 ꅃ듓

ꭏ라ꕚ 27ꅇ95-103ꅃ 

5.  ꟓ뷋ꅂ덜ꟓ귨ꅂ ꑚꅂ뱂ꗃ빗ꅂ  

굤ꅃ2000ꅃ걜꿳꫞챕뇬뗟 B-916꓀ꩣ 

맯ꓴ뵟 걜꽦뗟 ꗍ ꧊꣤뗟

 뷨 곣ꡳꅃ띌ꗍ 륁쏄꣤ 띾꓆ꅃ

돫ꑬꓻ뵳ꅃ 냪곬뻇ꕘ ꫀꅃꕟꅃ294

 ꅃ 

6.  샜ꅂ녩뉍ꅂ깝꩑걦ꅂ까Ꝋ样ꅂ  ꅂ

ꑺꭈ 뵳ꅃ1993ꅃꗍ 륁쏄샋듺꣤귬
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7. Asaka, O., and Shoda, M. 1996. 

Biocontrol of Rhizoctonia solani 

damping-off of tomato with Bacillus 

subtilis RB14. Appl. Environ. Microbiol. 

62: 4081-4085. 

8. Chou, A. L., and Wu, W. S. 2001. 

Isolation,identification and evaluation of 

bacterial antagonists anainst Botrytis 

elliptica on lily. J. Phytopathology. 149: 

319-324. 

9. Hiraoka, H., Asaka, C., Ano, T., and 

Shoda, M. 1992. Characteristics of 

Bacillus subtilis RB14, coproducer of 

peptide antibiotics iturin A and surfactin. 

J. Gen. Appl. Microbiol. 38: 635-640. 

10. Homma, Y., and Suzui, T. 1989. Role of 

antibiotic production in suppression of 

radish damping-off by seed bacterization 

with Pseudomonas cepacia. Ann. 

Phytopathol. Soc. Jpn. 55: 643-652. 

11. Katz, E., and Demain, A. L. 1977. The 

peptide antibiotics of Bacillus: 



 枯草桿菌之抑菌效果評估 161 

chemistry, biogenesis, and possible 

functions. Bacteriol. Rev. 41: 449-474. 

12. Latoud, C., Peypoux, F., and Michel, G. 

1990. Interaction of iturin A, a lipopeptide 

antibiotic, with Saccharomyces cerevisiae 

cells: influence of the sterol membrane 

composition. Can. J. Microbiol. 36: 

384-389. 

13. Lisansky, S. G. 1995. Biopesticides- 

markets, technology, registration and 

IPR companies, pp. 10-231. In: R. 

Quinlan [ed.], Biopesticides: Worldwide 

directory of research and researchers. 

CPL Scientific Information Services 

Limited, USA. 

14. Merriman, P. R., Price, R. D., 

Kollmorgen, J. F., Piggott, T., and Ridge, 

E. H. 1974. Effect of seed inoculation 

with Bacillus subtilis and Streptomyces 

griseus on the growth of cereals and 

carrots. Aust. J. Agric. Res. 25: 219-226. 

15. Phae, C. G., and Shoda, M. 1991. 

Investigation of optimal conditions for 

foam separation of iturin, and antifungal 

peptide produced by Bacillus subtilis. J. 

Ferment. Bioeng. 71: 118-121.  

16. Phae, C. G., Shoda, M., and Kubota, H. 

1990. Suppressive effect of Bacillus 

subtilis and its products on 

phytopathogenic microorganisms. J. 

Ferment. Bioeng. 1: 1-7. 

17. Silo-suh, L. A., Lethbridge, B. J., Raffel, 

S. J., He, H., Clardy, J., and Handelsman, 

J. 1994. Biological activities of two 

fungistatic antibiotics produced by 

Bacillus cereus UW85. Appl. Environ. 

Microbiol. 60: 2023-2030. 

18. Tschen, J. S.-M. 1991. Effect of antibiotic 

antagonists on control of basal stem rot of 

chrysanthemum caused by Rhizoctonia 

solani. Plant Prot. Bull. 33: 56-62. 

19.Tschen, J. S.-M., Loeffler, W., and Chen, 

L. L. 1992. Screening of antifungal 

substances from antagonistic Bacillus 

species. Plant Prot. Bull. 34: 26-32. 

20. Turner, J. T., and Backman, P. A. 1991. 

Factors relating to peanut yield increases 

after seed treatment with Bacillus 

subtilis. Plant Dis. 75: 547-353. 

21. Whipps, J. M. 2001. Microbial 

interactions and biocontrol in the 

rhizosphere. J. Exp. Bot. 52: 487-511. 

22. Wu, W. S., and Chou, J. K. 1995. 

Chemical and biological control of 

Alternaria carthami on zinnia. Seed Sci. 

Technol. 23: 193-200. 

23. Wu, W. S., and Yang, Y. H. 1992. 

Alternaria blight, a seed-transmitted 

disease of zinna in Taiwan. Plant Pathol. 

Bull. 1: 115-123. 



162 植物保護學會會刊 第 45 卷 第 2 期 2003 

ABSTRACT 

Hsieh, F. C., Li, M. C., and Kao, S. S.*  2003.  Evaluation of the inhibition 

activity of Bacillus subtilis-based products and their related metabolites against 

pathogenic fungi in Taiwan. Plant Prot. Bull. 45: 155- 162.  (Department of 

Biopesticide, Taiwan Agricultural Chemicals and Toxic Substances Research Institute, 

Council of Agriculture, Taichung, Taiwan 413, ROC) 

Many fungicides are being removed from the commercial market because they 

do not readily degrade in natural systems and/or they leave potentially hazardous 

residues in food and feed products. This has created a demand for safer products to 

prevent or delay the development of fungicide resistance or to reduce the risk of 

chemical pollution. In recent years, there has been considerable interest in using 

Bacillus subtilis (Bs), a gram-positive, spore-forming bacterium, as a biocontrol agent 

because of its ability to antagonize pathogens and repress plant diseases. In 2001, the 

first Taiwan domestic commercial biofungicide was registered for the control of pea 

powdery mildew. Bacillus subtilis has also been used to control soil-borne fungal 

pathogens under greenhouse conditions and in the field.  However, there has been no 

report on comparisons of bioactivities among Bs-based products. We first established 

a bioassay method for Bs-based products on the basis of their inhibition activity 

against plant pathogens. Then, the bioactivities of 3 Bs-based products to 6 

pathogenic fungi were individually tested. We report herein that only 1 Bs-based 

product was highly effective. These results show that the quality of these 3 Bs-based 

products is variable. 

(Key words: Bacillus subtilis, fungicide, inhibition activity, 50% inhibition 

concentration) 
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