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ABSTRACT: The strain DGUM 5051, an antagonistic bacterium against apple-bitter rot
causing Glomerella cingulata, was isolated from soil in Kyongju. Based on the morphological and
physiological characteristics, the bacterium was identified as Pseudomonas sp. and named as
Pseudomonas sp. DGUM 5051. The optimal pH and temperature for cell growth were pH 6.0
and 30°C, whereas those for antifungal activity were pH 7.0 and 24°C, respectively. Among the
complex media tested, brucella medium, brain heart infusion medium and Luria-Bertani medium
were good for both cell growth and antifungal activity. The high antifungal activity was found in
the mineral salts medium, in which sucrose, KNO; and K. HPO, were used as sources of carbon,
nitrogen and phosphorus, respectively.

KEYWORDS: Antifungal, Apple bitter-rot, Glomerella cingulata, Pseudomonas sp.

Glomerella cingulata(FERAFEAA: Colleto- 1 ARgo] AREI 9)E AAe|cMHardar %,
trichum gloeosporioides)=- Pyrenomycetes”}, 1979).
Sphaeriales %, Diaporthaceae3}e]] <3}z =} AT SR WA, AT, F3ole} AE
T2 F57F & A719 Asy] AlhF, £2 SollA =gl e, A Ak F2 Strepto-
VR, eiuRE, 2R, M, o EU, 13 S9) 2} myces&2] WMAIE, Bacillus 3 Pseudomonasd;
Bof] 7kadsle] &AM (bitter rot, ripe rot}& 4o 5o AlF FollA] o]F A et Ax7A] U
ZIc}. BAxAHconidiospore) - AP FFEAHascospore)  # FAF EFAL o T2 7|5 wel Az
P2 Aot Eofel EAsH FullEaks 31 73 w94 FAE- (polyene macrolideA:
of 71FAE¢l Agli}. AR7A] ARL-HE= bbA) amphotericin, candicidin, nystatin, griseo-
ko 2 Bordeaux?, captan, ferbam, dikar, fulvin 5), /| 29 3 A4 94 &2 (nucleo-
mancozeb, captafol, benomyl, thiophanate- sider], disaccharide”], cyclic peptideA] =
methyl 5-2] 71384 2 3137} whAl o o] lipopeptideA] 53 Al 35S 23 e &
453 g)lovi(o]e} W, 1987; Agrios, 1988), ‘5=t AEA Z-(chitinase, glucanase 5)°. 2 oz}

9 AF5A, 329 8 59 A2 Qe BAA A7) AE BAoE qulelAe F
A7y AEY st g AEY FAHAES A
*Corresponding author A Ak PAES] 4= BA gl gt
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A77} TSR o) FolA ghot. A BelE
o # A= WAEA A Al Bacillus
subtilis(W3} 7], 1995; & 5, 1994; o] &, 1994,
3} 7], 1995; Kim =, 1994; Kim=} Kim, 1994)
o wisle W o|Folxm 9lw, Pseudo-
monass Ao W3 P. aeruginosa(Kimz}
Hwang, 1993), P. stutzeri(Lim¥} Kim, 1994),
P. pseudoalcaligenes(7Z3} o}, 1994), SerratiaZ:
Aol s Serratia(x} 5, 1996), S. mar-
cescens(Lee 5, 1992)¢} Acinetobacter(Shin %,
1995) Al F-& o83 77t Bas et e
Akl AV el AMEelE WHEE F2
Streptomyces%- 2.2 S. neyagawaensis(}] =,
1993), S. lydicus(], 1993; ©] %, 1996), Strepto-
myces<+(4 5, 1996; & 5, 1996)°]] Azle] A7
7t =] o gt

A7) AAHAYF G cingulatad] HF <
T2 71FAE, sk ele W, 1987, A 1,
1992; 11 %, 1996; Agrios, 1988)3} Al %3 %A
(Gomaa 5, 1992)f] # U9 QA7E glgle
v, AR e A whoFehd el AEISA ukAlE
g A W= 21(1995)9] ATol9dle A9
Sl AAolt, oo B AFd|M= G. cingulata
ol s Zrgo] gl AdEs EFoRRE
Absta, S-EA 0] AR 917 vk 241
sted Al o) i) whAlo) A} AT
ks 23kt A A sk

Nz 3 Uy

A2 T U EXIY F=H|

Aol AH83H Al G. cingulata KCTC
6104 Id=A3r|edTd APFTFAT+ae f
AL o 2 He] Fohitel PDA u)#] (Table
DA Al wjeFste] A3t FAFEA L) &
A& 23 G. cingulata®] wjoFE yeast-malt
extract &3 ulx](Table 1)dll4 4947k 24°Ceil 4]
wjokslel om, Fxjele] Fule 10 mlo) AJejAl<d
(0.85% NaCDhE o]-43te] Auix] FHo 2y
B ¥A= ehsle] AREslt(1-4X 10° spores/
ml).

Table 1. The composition of the media used in
this study®

Medium
Compound - " -
MS B* BHI’ LB N YM

Bactotryptone - 10 10 - - -
Bactopeptone - - - - 5 -
Proteose peptone - - 10 - - 5
Bactopeptamin - 10 - - - -
Yeast extract - 2 - 5 - 3
Beef extract - - - - 3 -
Malt extract - - - - - 3
Calf brains - - 74 - - -
Beef heart - -925 - - -
Dextrose - 1 2 10 - 10
Sucrose 30 - - - - -
NaCl 05 5 5 10 - -
Sodium bisulfite - 01 - - - =
K,HPO, 1 - - - -

Na,HPO, - - 25 - - -
NaNO;, 3 - - - - -
MgSO0, 05 - - - - -
KCl1 05 - - - - -
FeSO, 0.01 - - - - -

“The ingredients were dissolved in 1,000 m/ of dis-
tilled water.

"The media used are commercially available from
Difco Co., U.S.A.

Zshrol 22 ¥ S3

$<p R TEA AT 22l E Y3t AF
AIRAF ) Eoks AF F, 2mme] A2 HA F
I} 2o 1g8 H7FH 50 mie] QA F4E F
Astedrt. a3 Eo] AA" AEHNL G. cingulata
AT} E3ste] oJoFgHHux](Table Dol =2
3lod 30°Cellx] 347t wiekslict. &A% colony
Z G. cingulata A7) thste] Axj2HE JA =
09 £R) #5E AUsELH, 7 F A9
o] 943k DGUM 5051 Al & H-2]5}9c}.

A5 DGUM 5051 A7) 542 752 3
X 543 A=t SAe wWe} Bergey's
manual of systematic bacteriology(Palleroni,
1984)¢] 7|Fo2 FA 3}

Ealzel ek A 4z =3
el DGUM 50519 wiofz7ldl wh& A4 2
AT B A S 2AEY| $te], wjoF
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o 50 mle] 97l 250 mi9] AAZFetaze FFE
&3k 2wkl of(120 rpm)3isitt. ikl e] pH
£ 4.001448 10.0714], w22 20°CellAF-
¥ 42°C71A] 6A| 2 =4 stelct. 2elde] AR
v okel-8 #3433 ¢ A (UV-160A UV-Vis spectro-
photometer, Shimadzu Co.)9] 660 nmol* &4
=5 2380k

gne §3

AL YA =] (Table 1)l 247k wfek
T ¥, AR A5AE B 45
50 ul-Z paper disc(Avantec, 8 mm thick, Toyo
Rossi Kaiser Co.)ell &5A171 %, G. cingulata
FAS =243 YM gHelA] (Table 1)9] kel
XA 7|2, 24°Colx] 2~397F ekl &, G
cingulata Z1g2] TA} ASe] AR AA=|F
(inhibition zone)?] &7 (mm)s- EA3le] 344
22 AR

2

2ajzo| 55

2% 70odF2] #F £ DGUM 5051 A7)
Fe) 71 $sisich welEe) g 2 A
shobd B4E EAE FAeHA k= Gram 94
7VFo 2 @7)1= 0.8x 1.5 um=E Tekie] sms}
glgitHTable 2, Fig. 1). 3714 A4 & A&
3lgjon, catalase/oxidase 73 A}ell Fdube-S ¥
Act. Feid BT GRS 2 BaRkE 59 A
steid B4 wet $elAE DGUM 5051
Pseudomonas sp.2. 54 3}3, Pseudomonas sp.
DGUM 50512 %3]t}

pH ¥ 2x0| Hst

w2 Al A 2 FF8A FHS #sk,
LB wizl9] pH 27-& 4.0014 %8 10.07}A] 24
afo] wlekat A3 A7 pH 6.009)4 58] 8.0744]
ofsslglon, A pHE 6.001%ic}. dFTAL
pH 7.00ll4 %-€] 8.07}x]2] ®$lellx] FE 315 o
P2 A e A% pHE 7.00]190}HFig.
2). =& 20°Col| A B8] 42°C74x] 64| 2 10]

Table 2. The morphological and physiological
characteristics of the isolate DGUM 5051

The isolate Genus®
DGUM 5051 Pseudomonas

Straight rod Straight rod
Negative Negative
0.8x1.5 0.7x14

Characteristics

Shape

Gram reaction
Cell size (width x
length; pm)
Motility

4
+

Anaerobic growth
Catalase test

Oxidase test

Indol test

Methyl red test
Voges-Proskauer test
Citrate utilization test
Starch hydrolysis

4+ 4+

[ S S S
|

Utilization of
glucose
trehalose
meso-inositol
L-valine
B-alanine
arginine

L+
+

+ + +

“Bergey's manual of systematic bacteriology
(Palleroni, 1984).

Fig. 1. The transmission electronmicrograph of
the isolate DGUM 5051. The horizontal
bar represents 1 um.

A A7 Felie] AAY ¢ v AR EE
24°Col| 48] 37°Colglon] HA2xw 30°Cel]
t}. AL AHF 20~42°Ce) A WA e
3slgem HA2nE 24°ColsitHFig. 3).
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Fig. 2. Optimal pH for cell growth and antifungal
activity of the isolate DGUM 5051 against
G. cingulata.
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Fig. 3. Optimal temperature for cell growth and
antifungal activity of the isolate DGUM

5051 against G. cingulata.

HHXIQ| A&k

pHE 7.00% 24F 772 B3« Q) (min-
eral salts medium(MS), brucella medium(B),
brain heart infusion mediumBHI), luria-
bertani medium(LB), nutrient medium(N),
yeast-malt extract medium(YM))ZE A-8-3}o uj
F3td-& o, 53hwiA] B, BHI 2 LB wjx|e} 7%
o o) S<rataleh. GEBA] 7P St )
A= BHI wix]¢lc}(Table 3).

EtARl, B4 G QAL HEt
Pseudomonas sp. DGUM 50512 A4 2 3}

Table 3. Cell growth and inhibition of the isolate
DGUM 5051 against G. cingulata®

Medium

Cell growth

Inhibition

of the isolate size against

DGUM 5051 G. cingulata®

Mineral salts 0.139° 14.7
Brucella 2.097 17.7
Brain heart infusion 2.051 18.3
Luria-Bertani 2.007 16.3
Nutrient 1.525 14.3
Yeast-malt extract 0.794 15.0

*Cells of the isolate DGUM 5051 were grown at
30°C for 24 hr in the media (pH 7.0) with shak-
ing (120 rpm).

"The 24-hr-old culture broth of the isolate DGUM
5051 was used to measure the inhibition size
(mm) against G. cingulata after 48 hr cultivation
at 30°C.

‘The values (Abs 660 nm) are the averages for
three replicates.

T vl g, Ao 2 QAakle] 2
& zAbE] SlEle] MS HiR|E ARgsRT).
Table 4022} 7bo] Bt491o 2 3%2] sucrose,
glucose, erythrose, galactose, raffinosed &4
dom FYe W FFWAL $hsgle
sucrose® ¥R A st S o /Mg $<3t
9dt}l. Mannoser} ®4Q 02 A= 9lS wf A
 $siglon GRS mnlakdc) dad
2.2 0.3%9 NH.Cl, (NH.2S04 H7HA] A
1 Sestelodt, 84S KNOs NH(C,
(NH9):804, NHOH 3H7}A] 953142
KNOwlH 7H¢ $4313ic}. Urea, NaNO;,
CaNO;, NaNO; H7HA] 8432 9ich At
902 0.1%% KHPOL AH71stols o Aol
1A 9t 1, 8L K.HPOE <latgle
2 F91¢ W 7P $5skeinh. 2 KH,PO, %
Na;HPOg} ikl e F£918 ol a2
£ ehiA) 23teh(Table 4).

HHQIAIZHE Sn 22| MM

LB vA1 & Abgste] A7k A5 4 ddss
A% A, T 6417 Foll 557 =
gt on], 14417 F58 Al =daisict. &
TEAL 104]730] AR} 374 vpehtA] dgke
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Table 4. Effect of carbon, nitrogen and phosphor-
us source on the cell growth of the iso-
late DGUM 5051 and growth inhibitien
against G. cingulata®

Cell growth of Inhibition size

Source the isolate against G.
DGUM 5051 cingulata®
Carbon coumpound
Glucose 0.141° 9.0
Sucrose 0.257 13.5
Mannose 0.693 0
Maltose 0.125 0
Erythrose 0.164 10.0
Galactose 0.151 11.0
Xylose 0.360 0
Raffinose 0.202 9.0
Arabinose 0.188 0
Nitrogen compound
Urea 0.108 0
(NH,,SO, 1.464 11.0
NH,Cl 1.664 9.0
NH,0H 0.081 9.0
KNO, 0.154 125
NaNO, 0.115 0
CaNO, 0.345 0
NaNO, 0.117 0
Phosphorus compound
KH,PO, 0.362 0
KHPO, 0.126 13.0
Na,HPO, 0.358 0

2Cells of the isolate DGUM 5051 were grown at
30°C for 24 hr in the mineral salts broth (pH 7.0)
with shaking (120 rpm). The final concentration
of carbon, nitrogen and phosphorus were given
at 3.0, 0.3 and 0.1%, respectively.

"The 24-hr-old culture broth of the isolate DGUM
5051 was used to measure the inhibition size
(mm) against G. cingulata after 48 hr cultivation
at 30°C.

“The values (Abs 660 nm) are the averages for
three replicates.

] 124)7ke] At FHE Jehr] AAsle,
247} F9] JFEAL 16.0mm= FHdjo] d)F
248 w9 rHFig. 4, 5).
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Fig. 4. Time course of antifungal activity of the
isolate DGUM 5051 against G. cingulata.
Cells were grown in the optimized mineral
salts medium, in which sucrose, KNO, and
K,;HPO, were added as sources of carbon,
nitrogen and phosphorus.

Fig. 5. Inhibition of the isolate DGUM 5051
against G. cingulata.

Ao} FAREL] SHoA] FA7} AZ|FHER,
#Ho) wAE G2 blasticidin, kasugamyecin,
polyoxin, validamycin 52| A a21FA7} 74
o] 44318 vl Qlch B3] F4E A E F=
Al YA AFE wAls] Sl 2EAe-E
A FAAES o]43 AEIY WAe] de o
=3 ¢Jc}(Brisbanes} Rovira, 1988; Elad¥}
Baker, 1985; Elad¢} Chet, 1987; Howell#}
Stipanovic, 1979; Parker %, 1984). #| &2 Z
Pakgo] B AT ATt Wl Fel Hlsh A
oA e od37 Baea ¢leni(Kloeper,
1983; Kloeper 5, 1985), A3AF F 714 B2
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A7) BaEl AlFog2E PseudomonasE A
27 o5 THo ZdgAE-S veldict B
511t} Cook<} Rovira, 1976; Smily, 1978; 1979).

okl Al AR F B E257 ATE
o] AEH& WA & = e ATHAARA 71A
£ AYx glejd 2 FolX Bacillusg 2
Pseudomonas3:2] AlgFel| #A3F A7) B8}t
Al o]Fox g} ZAPAEES o] 43 A2
WA ol A1 2] FAtgaet AlE2dd =
Zale] AEAPE H2AT)E W, B 23T
£ AEst HAFY YolE A7 HE 5
o] AlE=w glon, egd HIHE ALIE
A 23 PIAES sl AEEE e o
o] A8 =71 glcHBaker, 1985; Colyere} Mount,
1984; Cooke} Weller, 1987; Fravel, 1988;
Sakthivel} Gnanamanicham, 1987; Suslow,
1982; Weller, 1988; Xu%} Gross, 1986).

2 Ao Eelgt ¥-e Aol sAH S
A2 7= G. cingulata®) B2 A5 3714
9l Gram 34 7o 2 Bergey's manual of
systematic bacteriology(Palleroni, 1984)2} 71&
o] we} Pseudomonas4 o 2 A=), o)
o] AAE $gt HA =79 AL 917 A
FZ-E G AHEA] 9= Ao Yepgr). pHY
1L FA A AR} g o] 5 <3l
Lw 2w 739 AL 30°CAx FHFBAE
24°CollA] H o 3s-g B F9ict. vzl A
7 w3t A gEEA o 7 o g AEgs
BoFedeh. 713 ©](1996)= Fel#F P. cepacia
AF2001el] 213 174 E310] QAL whagl o
AL Sl wel 2A] g Wtk st
AAZA ) & o) F= AuFHFo) 77
F¥¥E Fohar set M E <& 5(1991)2 o] B.
subtilis subsp. krictiensisE At o2 zakgl A
ol BE3E el WU Woky T A7
27} "ok she] A EAle] A 71A
o) et T2 Zo)7t g ¢ Ak slsv}
03} o], 1996).

H R
A A #F, Glomerella cingulatac) A=13

22 sFEhio] e AFE Rl F g Y A
#aHe] S J[EeR A8 Pseudo-
monas sp. DGUM 50515 =9isjgdc). ¥el3re]
AAS 913 HA pHe &%= 22} 6.05) 30°Co]
S, HA EAl-S velll= pHe e 247
7,08 24°Colgick. AH8T HIA 3 AR 2 B
F&A ¢lelxlE Brucella, Brain heart
infusion® LBujA)7} 94=8t51t}. Mineral salts
iAo fd BhA, A4 o Qe 7
Sucrose, KNO; 2 K. HPOZ bl S o) 9=
g ggEAde vieliglcl. Pseudomonas sp.
DGUM 50512} e wioF 12417t 73 &
ol vebtct.

o

|

TFA, SAE, VR, 54, S, d8E, ¥4
. 1996. 71 BxuTe] He) F vieksbE B4
383 A] 25: 30-34.

ZAAY, o]91%-. 1994, TR A ET} EoklAl-F-&
Aalgre] JARZEH U WXl guk-. dEFE
3)7) 22: 50-61.

A3, o)9lL-, 1996. Pseudomonas cepacia 157}
A3 8374 Cyelic Lipopeptide2] A&
2 4 g2 3y BA. d=aehE]A] 24: 310-
321.

23], olalA, 321, f2elE. 1993. Streptomyces
neyagawaensis 38D10 HFF7} AAkst=
Concanamycin B2} sty338 4. 2449
23 E-3+3] %] 21: 322-328.

W8 Axo 1995 w3EbAH (Colletoirichum
gloeosporiodes) WAIE 13 |4 A4 E2
s gla-atE)x) 23: 190-195.

Ay, wiAs), olxled, A4, olAE, = .
1996. A7 AT FA AsER YA Strepto-
myces<s AP ¥ 9 2. gEakgivAE
8}3] 2] 24: 27-36.

&4, olde, AL, BAd, zA3I. 1994
Bacillus subtilis2 €] 27 2 elel= &
7 Tturin®] AAL. =1 53818 7] 9: 224-229.

233, A%, o)se, BAs. 1991, Bacillus
subtilis subsp. krictiensis23% xFEA
KRF-0012] Aihe 98 dazd 2 el
. Al m) A B33 A] 19: 614-618,

34, ZAAA, olalA, IEHY AR, FoF.
1996. Streptomyces sp. 3D3TF7} BAVS= &

a5y B, A 0| AL A] 240 T7-



464 THE KOREAN JOURNAL OF MYCOLOGY, 26(4), 1998

81.

ol Fy, Wy 1987 AEge e AT A,

o]Agt. 1993. ChitinaseE AJ4lsl= Streptomyces
lydicus G-239] A 4 wjek B4, 34494
E3}3]#] 21: 6-12.

olFA|, gAY, o]43&. 1996. Chitosano] X177 %
=989 Botryosphaeria dothidea?] 8-l
"X 3. A P A E 3] %] 24: 261-267.

o3, 2147, A, £33, B4, 1994. AT
€7 KRF-001¢] 244 Wo|F 2a). =4 %E
3= 9: 378-384.

AR, 712, 1995, 3RHA] 23T Bacillus
subtilis YBL-79] FA1 28 x}A| o] AQAba) wt
ol FFA I E33] % 23: 236-242.

A3A, 3197, 1992. Colletotrichum gloeospori-
oides Penz.o| 2|3t 4=} whAy, gh=al Bnje]s}
3]#] 8: 70-74.

2R, KAy, w3H4, 0913}, 1996. ChitinaseS
8= Serratia sp. JM2] #2] 2 4. 334
23334 11: 92-99.

Agrios, G. N. 1988. Plant pathology (3rd ed.), pp.
381-386. Academic Press. San Diego.

Baker, K. F. and Cook, R. J. 1974. Biological
control of plant pathogens. Freeman, San
Fransisco.

Baker, R. 1885. Biological control of plant patho-
gens: definitions. p.25-39. Academic Press,
Inc., New York.

Brisbane, P. G. and Rovira, A. D. 1988.
Mechanism of inhibition of Gaeumannomyces
var. tritici by fluorescent Pseudomonas. Plat
pathology 37: 104-111,

Colyer, P. D. and Mount, D. M. 1984. Bacteri-
zation of potatoes with Pseudomonas putida
and its influence on post harvested soft rot
diseases. Plant Dis. 68: 703-706.

Cook, R. J. Rovira, A. D. 1976. The role of
bacteria in the biological control of Gaeuman-
nomyces gaminis by suppressive soils. Soil
Boil. Biochem. 8: 269-273.

Cook, R. J. and Weller, D. M. 1987. Manage-
ment of take-all in consecutive crops of wheat
or barley. Pp.41-76. In Chet, I. Ed, Innova-
tive approaches to plant disease control. John
Wiley & Sons, Inc., New york.

Elad, Y. and Baker, R. 1985. The influence of
trace amounts of cations and siderophore-
producing Pseudomonas on chlamydospore
germination of Fusarium oxysporum. Phyto-
pathol. 75: 1047-1052.

Elad, Y. and Chet, I. 1987. Possible role of

competition for nutrients in biocontrol of
Pythium damping-off by bacteria. Phyto-
pathol. 77: 190-195.

Fravel, D. R. 1988. Role of antibiosis in the
biocontrol of plant diseases. Annu. Rev. Phyto-
pathol. 26: 75-91.

Gomaa, K., Kraus, J., Rosskopf, F., Roper, H.
and Franz, G. 1992. Antitumor and immuno-
logical activity of a p-1,3/1,6-glucan from
Glomerella cingulata. J. Cancer Res. and Clin.
Oncol. 118: 136-140.

Hardar, Y., Chet, I. and Henis, Y. 1979. Biologi-
cal control of Rhizoctonia solani damping-off
with wheat bran culture of Trichoderma
harzianum. Phytopathol. 69: 64-68.

Howell, C. R. and Stipanovic, R. D. 1979.
Control of Rhizoctonia solani on cotton
seedlings with Pseudomonas fluorescens and
with an antibiotic produced by the bacterium.
Phytopathol. 69: 480-482.

Kim, B. S. and Hwang, B. K. 1993. Production,
purification and antifungal activity of anti-
biotic substances produced by Pseudomonas
aeruginosa strain B5. J. Microbiol. and
Biotechnol. 3: 12-18.

Kim, Y. S. and Kim, S. D. 1994. Antifungal
mechanism and properties of antibiotic
substances produced by Bacillus subtilis YB-
70 as biological control agent. J. Microbiol.
and Biotechnol. 4: 296-304.

Kim, Y. S, Lim, H. S. and Kim, S.-D. 1994.
Bacillus subtilis YB-70 as a biological agent
of Fusarium solani causing plant root-rot. J.
Microbiol. and Biotechnol. 4: 68-74.

Kloeper, J. W., 1983. Effect of seed piece
inoculation with plant-growth promotion
rhizobacteria on populations of Erwinia
cartovora on potato roots and daughter tubes.
Phytopathol. 73: 217-219.

Kloeper, J. W., Leong, J., Teintze, M. and
Schroth, M. N. 1985. Enhanced plant growth
by siderophores produced by plant growth-
promoting rhizobacteria. Nature 286: 885-886.

Lee, S. Y., Gal, S. W,, Hwang, J. R., Yoon, H. W,
Shin, Y. C. and Cho, M. J. 1992. Antifungal
activity of Serratia marcescens culture
extracts against phytopathogenic fungi:
Possibility for the chitinase role. J. Microbiol.
and Biotechnol. 2: 209-214.

Lim, H. S. and Kim, S.-D. 1994. The production
and enzymatic properties of extracellular



Antifungal Activity of Pseudomonas sp. DGUM 5051 465

chitinase from Pseudomonas stutzeri YPL-1,
as a biocontrol agent. J. Microbiol. and Bio-
technol. 4: 134-140.

Palleroni, N. J. 1984. Genus Pseudomonas. pp.
140-199. In Krieg, N. R. and Holt, J. G. Eds.
Bergey's manual of systematic bacteriology,
Vol 1. Williams & Wilkins.

Parker, W. L., Rathum, M. L., Seiner, V., Trejo,
W. H., Principe, P. A. and Sykesnm R. B.
1984. Cepacin A and Cepacin B, two new
antibiotics produced by Pseudomonas cepacia.
J. Antibiotics 37: 431-440.

Sakthivel, N. and Gnanamanicham, S. S. 1987.
Evaluation of Pseudomonas fluorescens for
suppression of sheath rot disease and for
enhancement of grain yields in rice (Oryza
sativa L.) Appl. Environ. Microbiol. 53: 2056-
2059,

Shin, W. C, Lee, D. 8., Kim, T. H., Woo, J. H.,
Lee, J. M,, Kim, J. G. and Hong, S. D. 1995.
Isolation and characterization of Acinetobacter
sp. WC-17 producing chitinase. J. Microbiol.

and Biotechnol. 5: 80-86.

Smily, R. W. 1978. Colonization of wheat roots
by Gaeumannomyces graminis inhibited by
specific soils, microorganism and ammonium-
nitrogen. Soil Biol. Biochem. 10: 175-179.

Smily, R. W. 1979. What rhizoplane Pseudo-
monas as antagonists of Gaeumannomyces
graminis. Soil Biol. Biochem. 11: 371-376.

Suslow. T. V. 1982. Role of root-colonizing
bacteria in plant growth. pp. 187-223. In
Mount. M. S. and Lacyced, G. H. Phytopatho-
genic prokaryotes, Vol. 1. Academic Press,
Inc., New York.

Weller, D. M. 1988. Biological control of soil
borne plant pathogens in the rhizosphere
with bacteria. Annu. Rev. Phytopathol. 26:
379-407.

Xu, G. W. and Gross, D. C. 1986. Field evalua-
tion of the interactions among fluorescent
Pseudomonas, Erwinia cartovora and potato
fields. Phytopathol. T1: 423-443.



