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Abstract The purpose of this study was to estimate the chitinolytic and antifungal activity of Actinomycetes
sp.isolated from waste mushroom media. In five kinds of waste mushroom media, Sinyeong mushroom and
Yangsongi were the order of the population density of actinomycetes. Totally 91 chitinolytic isolates of
Actinomycetes sp. were obtained from waste mushroom media. The isolates were categorized into 3 groups
based on chitinolytic activity and antagonisms against Phytophthora capsici, Rhizoctonia solani, Sclerotinia
sclerotiorum, Collectotrichum gloeosporioides, and Cladosporium cucumerinum in vitro. CA-23 was selected
as a representative isolate of a group showing strong chitinolytic and antagonistic activities to all of the plant
pathogens, while AA-65 was selected as a representative isolate showing no chitinolytic activities but strong
antagonistic activities to the pathogens. CA-23 and AA-65 were highly effective on control of Phytophthora
blight of hot-pepper, powdery mildew and scab of cucumber in a greenhouse tests. Among the isolates tested,
CA-23 showed highest control efficacy, while AA-65 not only effectively controlled the diseases but also
consistently increased plant growth and yield. Although the isolates are similarly affected on suppression of
plant pathogens, the isolates could be differ from each other in modes of action. Further studies on
mechanisms and practical applications are being progressed.

Key words Biological control, chitinolytic actinomycetes, plant diseases, plant growth promotion
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83 vAEo|H (Miyadoh, 1993; Tanaka and Omura,
1990), B v]g3}el] F23 JTS ke oz A 3l
ThH(Vasconcello and Cardoso, 2009). %2 e] A5ty B
olyf f7148 Bol] ¥ EYS W] HETF 52 5
ol A

EFAt SollA Streptomyces?o] 69.4%= 7Hg Bol
EANE, 2 Y22 Micromonospora, Nacardia, Strepto-
sporangiun?:0] A1 ) tHLechevaliar, 1989; Kim, 1997).
ol& FOlA Streptomycetessy W40l s AEAS
ZRIA+= indole-acetic acid (IAA) (Aldesuqy et al., 1998),
siderophore (Tokala -5, 2012), polyamineF-(Nassar et al.,
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oh Egt Ao ARRE = A9 oF 2/37F WS
ZRH {3 AoZ BRI tH(Labeda et al., 1997;
Bakkiyaraj and Pandian, 2010).
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Ao ARSHE AEHYES Lol (Phytophthora
capsici, KACC 40181), 2L5~EEA 8+ (Colletotrichum gloeo-
sporioides, KACC 40690), S.01ZEY (Rhizoctonia solani
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9] 1Taq DNA polymerase (Takara, Japan)S A-8-3}55.01,
50 ul2 WRS-8-3S wE9it}. PCR WH-ZALS predena-
turation (95°C, 5%), denaturation (95°C, 30%), annealing
(50°C, 30=2), extension (72°C, 302), total cycle (35 cycles),
final extension (72%, 10%) F33t310™, S%% PCR 4
22 1.2% agarose gelolX 719 3, ethidium bromide
2 HAS}Y UV-transilluminatorol] Xl =S SIS
golwl W= QIAquick PCR purification kit (Qiagen)S
ARE-ste] 2] BAISIAAL pGEM-T easy ¥E| (Promega)®ll
2493 T MI3FS} MI3R ZEfo|HE o]8slo] Hr7ME
< BA381 . 9714 ¥-S ABI PRISM BigDye Terminator
Cycle Sequencing Kit (PE Biosystems, Foster, CA, USA)
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Fig. 1. Isolation of chitinolytic isolates of Actinomycetes spp. from five kinds of waste mushroom media.
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9] Fe 71EEdl T8 419 AEH Lol tigk 3
o] vl Hojuk Ao 2 el (Fig. 2).
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Fig. 2. Estimation of chitinolytic and antifungal activity of 91 isolates of Actinomycetes spp. isolated from a waste mushroom media.

Table 1. Grouping of nine isolates of actinomycetes isolated from mushroom media waste by chitinolytic and antifungal activity

Group

Activity
Chitinolytic Antifungal

Isolates

CA (Chitinolytic Antifungal Actinomycetes)

AA (Antifungal Actinomycetes)

Ca (Chitinolytic Actinomycetes)

CA-23
CA-24 ++ -+
CA-39
AA-15
AA-65 - ++
AA-67
Ca-07
Ca-12 -+ ++
Ca-05

SHMT CA-232 AA-6STFL 15 AY XS
7198 s o] Hold ZE(CA)lA At
CA-23 @59} 715138 T8 glov dago] FHojd 2
F(AAPIA e AA-65 #FE 13 FR A3 =
‘E!Hﬂimﬂ st BAEHE 2ARIAEY FAE] ¢ o
FTAE HE T 4ATE AlES T4 HoloY
7?4_ FHE = AA Tl #3730 WA o] vehtr] A&kl
A A Fof HAF FAL B} vhde] F &

T 15Y o=
7o WAl worle A d 1 A8 o] wAlaA]
o}gJ\-otq 159 & oy um]y]»g ZARIEY AA-65T-F

= 89.6%0]23L CA-2375E 100% LFEPSHTH(Table 2).
Ahn and Hwang (1992) IFAuj#]e] ZHOZHE P
capsici®t Magnaporthe grisea® AFE37F A= WA+
% A5 Qo] #AMEE Smm ol AALS P35t
= 308 dFE A el uigk A¥ES AAsiuY

Table 2. Effect of antifungal Actinomycetes spp., CA-23 and
AA-65 against Phytophthora blight of hot-pepper caused by
Phytophthora capsici at 15 days after treatment in the greenhouse

Phytophthora blight of hot-pepper

Treatment - —
Disease incidence (%)  Control efficacy (%)
CA-23 0.0c¢” 100.0 a
AA-65 7.1b 89.6 b
Control 66.7 a -

“ In a column, means followed by the same letter are not
significantly different 5% level by Duncan’s multiple range test.

#Fuit ket AFads Hole o2 nysy. &
3|, Ag WA vt ] Butanol FEH0] P capsiciot
M grisea®) S-S JAsHE AoR Hol FEZo]
A AR EE ASE BIsith

2 AgoM = 79T o] Hold CA-23¢} 7|RIE
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()

s e ot Faee] Holu AA6SEE BF %
ool Thste] Hodk A LIS Lehiglid) HAalito]
H3u94 290 08 P e A nre @
Weel 44

3] Chitinase®} 7+ 2]&EH] 7eRs| g49] G| % %
2 48A glervg 3 AUk Ago] g E|ofof 5154

T CA-232 ChitinaseS #H]3taL 719183 8] gle
AA-65TFE THE PA=E S 7L Sl Ao E AlRE,

A} 7R g 9

o] Hojk AA-65 - iU
el AsieY, FA
H] AA-657F2 WAIZFE 79.4%C103L CA-23HTE
87.3%= 13] A ¥ 277K a3t AEHE As =<l
3} tH(Table 3).

3 g} Qo] AR FHout vk
A CA-23 TF9F AA-65 45 vl Qo] Zj%%‘—‘?b
S JES Q0] Al AsAE Y, FA2tH] AA-65
459 ©= = oBgAICl 0.3% dEF-S E3sle] T
Y, WA wjgY d5HEE CA-23FF= 44.2%,
AA-65TFE 41.0%2 WS 7S BYou eHgAl=
03% EFE st AHsINE We CA23TT+=
98.8%, AA-65TFE 98.0%= m$- =2 WAlaE HS
THTable 4).

Cho (2005)Y= streptomyces SH-097} 2.013 7155 (Sphaeri-

Table 3. Effect of antifungal Actinomycetes spp., CA-23 and
AA-65 against cucumber powdery mildew caused by Sphaeroseca
fusca at 15 days after treatment in the greenhouse

Powdery mildew of cucumber

Treatment - —
Disease incidence (%)  Control efficacy (%)
CA-23 0.8c” 873 a
AA-65 1.3b 794 b
Control 63a -

“In a column, means followed by the same letter are not
significantly different 5% level by Duncan’s multiple range test.

5 CA-231f AA-6539| 7F|El
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Holisnt o 4¥ 407

Agele ek A AR o1
& APOINE AFY HAL 5T O A
o thalre 23 &EE B e %"k—iJ ikl
Ve o2 BT Chi et al. (2012) AEZH0
2HE B3 Sweptomyces padanus 1A70-5 4=F7} in
vitrodlA Colletotrichum acutaum®] d-AHY7, EAPEo}, 1
SR 747] FHE TR o R dAsiien, i A
tiate] a3 S AT FE A 1A70-5 vl 2] Al oF
90%2] &A1 A ZAE Uehll= Ao® Bt
2 Ago|Me BWAE CA-23F AA-65TdF E5F 2.0]9
Y5l B7FEH L g4 0 2 HHASI S CA-233) AA-
65&—21* gEAgEe Qo] HE o ek WA a3t

theca fusca)®ll 3l

T

w2 Aoz yepytt. olgjg TS Bkt 7l A
8RR dy) EA Y= 03% FEeol salsle]

(

JelstAtiy A2E 7ol e A a7t =7 ekt

Lﬂl ol A= o EAhdol AT} WAl
o] o] Helld Fsade | Zloew dAdHr. o
g EA9 Age FF s e 48

@ v me} A oR 48Al] 33N 4 e L W

v 1o

AA-65TFo| I WKEX g1t
713 %E‘—:‘.P% ghtelo] Hold CA-23 #5359 &9
ol tisl] o] H
ofd Wt opz}, 9] A Fol Tz%ﬁl OlH] CA-23+F
T 64.7% 3718199 AA-65¢TF= 240 571815
o I3 AFL CA3TFE 17.6% 7161021 AA-
6577 32.4% Z7} 31 tH(Table 5).

Han et al. (2012)& H]57A]9] A= FHEGIA &
3 4fe] WA #F2 MSSI81, MSS269, MSS275,
MSS2767} A&A| 9] 271457 a37F 3lon MSS275
o3+ P. capsici, F. oxysporum, R. solani, S. sclerotiorum
of 3 B S Hole SR WSISiTh Yandigeri
et al. (2015) ©1%=9] Chilika oA B3 S. vina-
ceusdrappus SSMW2= AUWAEANX R solaniol Wt
TAHYS oA SEo] Holwlal 719 EallsEo] ot W

Ao 2 EntEY R solanid-S HE8aL WA SSMW2

Table 4. Effect of antifungal Actinomycetes spp., CA-23 and AA-65 against cucumber scab caused by Cladosporium cucumerinum in

the greenhouse
Single Combined with COY*
Treatment - — : T
Disease incidence (%) Control efficacy (%) Disease incidence (%) Control efficacy (%)
CA-23 2533b 442 b 0.33¢ 98.8a
AA-65 26.80 b 41.0b 0.53 ¢ 98.0a
Control 4543 a - 2553 a -

ZCOY: It was used as stabilizer and made with 0.3% cooking oil and egg yolk mixture
¥ In a column, means followed by the same letter are not significantly different 5% level by Duncan’s multiple range test.
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Streptomyces thinghirensis DSM 41919(T)(Logman et al. 2009)
Streptomyces lienomycini LMG 20091(T)(Gause and Maksimova 1986)
Streptomyces tricolor NBRC 15461 (T)((Wollenweber 1920) Waksman 1961)
Streptomyces rubrogriseus LMG 20318(T)((ex Kurylowicz et al.) Terekhova 1986)

84 Streptomyces anthocyanicus NBRC 14892(T)((Krassilnikov et al. 1965) Pridham 1970)
Streptomyces coelescens DSM 40421(T)((Krassilnikov et al. 1965) Pridham 1970)
Streptomyces violaceoruber NBRC 12826(T)((Waksman and Curtis 1916) Pridham 1970)
Streptomyces fragilis NRRL 2424(T)(Anderson et al. 1956)

Streptomyces coelicoflavus NBRC 15399(T)(Terekhova 1986)

Streptomyces diastaticus subsp. ardesiacus NRRL B-1773(T)((Baldacci et al. 1955) Pridham et al. 1958)
Streptomyces mashuensis DSM 40221 (T)((Sawazaki et al. 1955) Witt and Stackebrandt 1991)

Streptomyces morookaense LMG 20074(T)((Locci and Schofield 1989) Witt and Stackebrandt 1991)
Streptomyces thioluteus LMG 20253(T)((Okami 1952) Witt and Stackebrandt 1991)

Streptomyces celluloflavus NRRL B-2493(T)(Nishimura et al. 1953)

99 | Streptomyces kasugaensis M338-M1(T)(Hamada et al. 1995)

Streptomyces sodiiphilus YIM 80305(T)(Li et al. 2005)

Streptomyces xiamenensis MCCC 1A01550(T)(Xu et al. 2009)
Streptomyces carpaticus NBRC 15390(T)(Maksimova and Terekhova 1986)
Streptomyces harbinensis NEAU-Da3(T)(Liu et al. 2013)

Streptomyces cheonanensis VC-A46(T)(Kim et al. 2006)

Bacillus subtilis subsp. subtilis NCIB 3610(T)

Fig. 3. Phylogentic analysis of 16S rRNA sequence of Streptomyces sp. AA-65 and CA-23 isolated from the waste mushroom media.
Bootstrep percentage (from 1000 replications) > 50% are shown at branch points analyzed by with MEGA 6 program ().

Table 5. Effect of Actinomycetes spp., CA-23 and AA-65 on
the growth promotion of hot-pepper plant in greenhouse

Fresh weight of hot-pepper (g)

Treatment :
Plant Fruit
CA-23 137.5b* 120 b
AA-65 169.5 a 135a
Control 83.5¢ 102d

“In a column, means followed by the same letter are not significantly
different 5% level by Duncan’s multiple range test.
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Kishore et al., 2005; Michael et al., 1992; Pati et al., 2011,

Yandiferi et al., 2015).

%
of
e
1‘&
L ot
o,
—‘~ i
{ o

ITS H7[ME 240 o8 S
HA FHlA 2 5E 2a)s g BEAYESE e 24
S 9 WAFe DNAY ITSHES PCRE ZZ3}o],

ITS tDNA 99¢] 971449 (1,200 bpyS BLASTN Z&E1
S olgste] AAEY, 7|3l 3+ (Chitinolytic
Antifungal Actinomycetes) B CA-233} 34 (Anti-
fungal Actinomycetes) WAl AA-652  Streptomyces
diastatius subsp. ardesiacus NRRL B-1773) (GenBank:
DQ026631)Z} Streptomyces xiamenensis MCCC 1A01550
(T) (GenBank: EF012099.1)9l th3ted 7H} 100%] 357

S eIt Z1REs WAl CA-233F AA-6501
1 BF wEde #84 AEaAs doti) H’G}Oﬂ
MEGA 6.0 ZZ138 0]83}o neighbor-joining o g
FAIAE A A, Streptomyces sp2 T 1T

meb, B ArIAE WiRe £E Holvt s Ad
do] FHI WA =R Y B 7dEs Wl
Streptomyces SP- CA-233} AA-65¢FE Q0] 37k¢d, 4
ST, 23 el i A astel A2 S5
37 Holdt Aoz I Fapr) JAHJU. ol 7%
ATE EUE 71N 28T 5 AT A8Ted
WAde CA23% AA-650F7F EHlehs &t =29 o
s &AL SUERET, Srepromyces sp. CA23%
15 Bal#el s 93 frlsAAz g

Acknowledgment

This study was carried out with the support of “Research
Program for Agricultural Science & Technology Development
(PJ00999702), National Academy of Agricultural Science,
Rural Development Administration, Republic of Korea in 2015.



A HEXIZRE 22/3 WME #F CA-231 AA-657F9 7IE Eots=ut

Literature Cited

Adamovic, M., G. Grubi, L. Milenkovic, R. Jovanoi, R. Proti,
L. Sretenovi and L. Stoievi (1998) The biodegradation of
wheat straw by Pleurotus ostreatus mushroom and its use in
cattle feeding. Ani. Feed Sci. Tech. 71357-362.

Ahn, S. J. and B. K. Hwang (1992) Isolation of antibiotic-
producing Actinomycetes antagonistic to Phytophthora
capsici from pepper-growing soils. Korean Mycol. 20:259-
268.

Aldesuquy, H. S., F. S. Mansour and S. A. Abo-Hamed (1998)
Effect of the culture filtrates of Streptomyces on growth and
productivity of wheat plants. Folia Microbiologica. 43:465-
470.

Bakkiyaraj, D. and Pandian, S. K. (2010) In vitro and in vivo
antibiofilm activity of a coral associated actinomycetes
against drug resistant Staphylococcus aureus biofilms.
Biofuling 26:711-717.

Cheong, J. C., C. S. Jhume, C. J. Lee and J. A. Oh (2010)
physicochemical characteristics and utilization of raw
materials for mushroom substrates. Korean J. of Mycology
38:136-141.

Chi, T. T. P,, O. H. Choi, Y. S. Kwak, D. Y. Son, J. J. Lee and J.
W. Park (2012) Evaluation of Streptomyces padanus 1A70-5
strain to control hot pepper anthracnose (Colletotrichum
acutatum). J. Agriculture & Life Science 46:37-45.

Cho, J. 1., J. Y. Cho, Y. S. Park, D. M. Son, B. G. Heo and C. S.
Kim (2007) Screening and isolation of antagonistic
Actinomyces #120 against the Kiwi Fruit Rot for the
Environment-Friendly Culture of Kiwiftuits. J. Bio-
Environment Control. 16:252-257.

Cho, M. K. (2005) Biocontrol of powdery mildew using
Actinomyces of Streptomyces SH-09 and identification of
antifungal substances from the isolate. The thesis of Master
degree of Chungnam National University, Daejeon, Korea.

Chun, J. and M. Goodfellow (1995) A phylogenetic analysis of
the genus Norcadia with 16s rDNA gene sequence. Int. J.
Syst. Bacteriol. 45:240245.

Edwards, C. A., 1. Burrows, K. E. Fletcher, B. A. Jones (1985)
The use of earthworms for composting farm wastes. In:
Composting of agricultural and other wastes. Gasser J. K. R.
Eds; Elsevier Applied Science Publishers, London, pp.
229-242.

Ethaliotis, C., I. Z. Georgios and P. Karavitis (2005) Residues
and by-products of olive-oil mills for root-zone heating and
plant nutrition in organic vegetable production. Scientia
Horticulturae 106:293-308.

Goodfellow, M. and E. Williams (1983) Ecology of
actinomycetes. Ann. Review of Microbiology 37:189-216.

Hwang, J. Y., C. K. Shim, K. Y. Ryu, S. H. Choi and H. J. Jee
(2006) Selection of Brevibacillus brevis B23 and Bacillus
stearothermophilus B42 as biological control agents against
sclerotinia rot of Lettuce. Res. Plant Dis. 12:254-259.

oo

il

a4y 409

[LAN

Ju, Y. C, S. M. Yoon and H. W. Kang (2007) Effects of
different substrate on the growth and microstructure of fruit
body in the Basidiomycetes, Pleurotus ostreatus. J. Life
Science 17:1271-1277.

Kim, J. N., C. S. Suh and D. C. Park (2002) Studies on the
comparative analysis of immunofunction of Agricus blazei
Murill cultivated with fermented media containing Pueraria
thunbergiana. Korean J. Food Preservation 9:114-119.

Kim, T. J. (2013) Screening inhibitory compounds for the
biofilm formation of Xanthomonas oryzae from Strepto-
mycetes. The thesis of Master degree of Kookmin
University, Seoul, Korea.

Kim, Y. L., S. H. Jung, J. S. Seok, S. Y. Yang, J. W. Huh and W.
S. Kwak (2007) Isolation and identification of high
cellulolytic bacteria from spent mushroom substrate and
determination of optimal medium conditions for the growth.
Kor. J. Microbiol. Biotechnol. 35: 255-260.

Kim. Y. L, J. S. Bae, S. H. Jung, M. H. Ahn and W. S. Kwak
(2014) Yield and physicochemical characteristics of spent
mushroom (Pleurotus ryngii, Pleurotus osteratus and
Ammulina velutipes) substrates according to mushroom
species and cultivation types. J. Anim. Sci. & Technol.
49:79-88.

Kishore, G. K., S. Pande and A. R. Podile (2005) Chitin-
supplemented foliar application of Serratia marcescens
GPS 5 improves control of late leaf spot disease of groundnut
by activating defense-related enzymes. J. Phytopathol. 153:
169-173.

Kwon, J. H., J. R. Hong, B. H. Cho, U. K. Ki and K. C. Kim
(1999) A scab disease caused by Cladosporium cucu-
merinum on water melon seedlings. Plant Pathol. J. 15:72-75.

Lebeda, D. P, M. P. Lechevalier and R. T. Testa (1997)
Streptomyces stramineus sp. nov., a new species of
verticillate streptomycetes. Int. J. Syst. Bacteriol. 47:747-753.

Lechevalier, M. P. and H. Lechevalier (1970) Chemical
composition as a criterion in the classification of aerobic
Actinomycetes. J. Syst. Bacteriol. 20:435-443.

Lee, C. J., Y. M. Yoo, C. S. Jhune, J. C. Cheong, J. W. Moon,
W. S. Kong, J. S. Suh, Y. G Kim, B. E. Lee and M. H. Yoon
(2014) Effects of microorganism density and mushroom
yields according to the sterilization of casing soils at the
cultivation of button mushrooms. J. Mushroos 12:220-225.

Lee, E. J., K. D. Kang, K. Y. Hwang, D. H. Kim, S. G. Kim and
S. 1. Seong (1998) Isolation and identification of Actino-
mycetes for the control of agricultural pests and fungal
pathogen. Korean J. Seric. Sci. 40:63-69.

Lee, H. R. (2012) Screening and characterization of microbial
resources for the development of environmental friendly
organic agricultural materials. The thesis of Master degree
in Mokwon University, Daejeon, Korea.

Lim, T. H, S. Y. Kwon and J. H. Kim (2006) Effects of
Streptomyces griseofuscus on growth of pepper plants and
Phytophthora blight by Phytophthora capsici. Res. Plant



410

Dis. 12:46-50.

McNeil, N. M. and Brown J. M. 1994. The medically important
aerobic actinomycetes: epidemiology and microbiology.
Clin. Microbiol. Rev. 7:357-417.

Michael, A. P, J. S. Michael and T. Loretta (1992) Bioactivity
of chitinolytic actinomycetes of marine origin. Applied
Microbiology and Biotechnology 36:553-555.

Nassar, A. H., K. A. El-Tarabily and K. Sivasithamparam
(2003) Growth promotion of bean (Phaseolus valgaris L.)
by a polyamine-producing isolate of Streptomyces gri-
seoluteus. Plant Growth Regulation. 40:97-106.

Oh, T. S., C. H. Kim, D. G. Shim, Y. K. Cho and Y. W. Kim
(2013) Study on usefulness of used Flammulina velutipes-
media for horticultural crops. Korean J. Int. Agric. 25:448-
453.

Park, S. W.,, T. O. Bae and S. B. Kim (2012) Isolation and
characterization of Streptomyces spp. from soil showing
broad spectrum antibiotic activity. Korean J. Microbiology
48:270-274.

Semple, K. T. and T. R. Fermor (1995) Impact of composting
strategies on the treatment of soils contaminated with
organic pollutants. Environmental Pollution 112:269-283.

Song, J. K., H. Y. Weon, S. H. Yoon, D. S. Park, S. J. Go, and J.
W. Suh (2014) Phylogenetic diversity of the thermophilic
actionomycetes and Thermoactionomycetes spp. isolated
from mushroom composts in Korea based on 16S rRNA
gene sequence analysis. FEMS Microbiology Letters 202:
97-102.

s e i
SF B sl - UM

Staments, P. (2001) Mycova: Helping he ecosystem through
mushroom cultivation. http:/www.fungi.com/bioremediation/
index.html.

Tanaka, Y. and Omura, S. (1990) Metabolism and products of
Actinomycetes-an introduction. Actinomycetol. 4:13-14.
Thomashow, L. S. and D. M. Weller (1996) Current concepts in
the use of introduced bacteria for biological control:
mechanisms and antifungal metabolites. Chapman and Hall,

New York.

Tokala, R. K., J. L. Strap, M. J. Carina, D. L. Crawford, M. H.
Salove, L. A. Deobald, J. F. Bailey and M. J. Morra (2002)
Novel plant-microbe rhizosphere interaction involving
Streptomyces lydicus WYEC108 and Pea Plant (Pisum
savivum). Applied and Environmental Microbology.
68:2161-2171.

Vasconcellos, R. L. F. and E. J. B. N. Cardoso (2009)
Rhizosperic Strptomycetes as potential biocontrol agents of
Fusarium and Armillaria pine rot and as PGPR for Pinus
taeda. Biocontrol. 54:807-816.

Yandigeri, M. S., N. Malviya, M. K. Solanki, P. Shrivastava and
G. Sivakumar (2015) Chitinolytic Streptomyces vinaceus-
drappus SSMW?2 isolated from Chilika Lake, India enhance
plant growth and biocontrol efficacy through chitin
supplementation against Rhizoctonia solani. World J.
Microbiology and Biotechnology 31:1217-1225.

Yeo, S. H., Y. M. Yook and H. S. Kim (2009) Isolation and
characterization of plant growth promoting rhizobacterium
Bacillus subtillus YK-5 from soil. KSBB J. 24:334-340.

@

@
7 = = = .- .-
HA HU|X|22EH 22§t M ZF CA-2318 AA-65TF2
H =] - =
7|8l Ellsdn sty HH-
NI Al - 487]  NEH - BNE - 455 - seE - UMY
TEATH H1sd
2 o »ouo) Bae wadMAZTE 2% Paasl )8 e S Fendses s Avet
7] Y1&oltt. 5572 MA@ WA, WAL, “ElRIHAL, AEWAL oAl - AEHAL > oAl
=0 2 "ol B E T HA Hulj R ZHE AA] 91719 FeIEs WA FS sk 22 ovle 4=

71983 583 Phytophthora capsici, Rhizoctonia solani, Sclerotinia sclerotiorum, Collectotrichum gloeosporioides,
Cladosporium cucumerinum © 3+ 2ol wlg} 34 7le] 2Fo2 EFal8tl CA-23dF+ 73t 7|8 Ha
S8 BE AW sl dES Hole R 752 AL vhHe AA-65 747 7R a5
2 AR RE 25 W] Ui et S Hole tRA]l #FE Atk AAIFdM CA-23 #F
St AA-65 FE Q0] oW, VM, A2 TS a0 R RS CA23 #Fe £ WAIZEE Bl
W AA6S R W AR ol A28} S ASH0 R ST VI F wre] 48w
AE} FABA T 5 25 Aole] He71Re AT ThE A0 ARH FF 2871245 24 ta 27}
Q1 A7t o s 2102 Al

Aolof  BEAA, 7ERs W, 48y, HEYEEL

s s






