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The mechanism of Biological Control of Pseudomonas spp.
Against Fusarium solani Causing Plant Root-Rot Disease
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Abstract — The 543 microbial strains were isolated from the rhizosphere in ginseng root rot-supp-
ressive soil. From these, isolate KGM-100 was finally selected for the screening of powerful antago-
nistic bacterium for the soil-born Fusarium solani causing root rot of many important crops. The
isolate KGM-100 was identified as Pseudomonas aeruginosa. Antibiotics produced by the P. gerugi-
nosa KGM-100 were partially characterized as heat-stable and low-molecular weight antibiotics.
The strain also produced siderophore, which was assumed to be pseudobactin. Pot test showed
approximately 30~50% biological control effects when Fusarium solani-infected soil was treated

with the P. ageruginosa KGM-100.
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e ¥ $FA-2 transmission electron microscope

(TEM)o. 2 H3akajgic),

Xl WAZTAL

2 Ayl AR A FAPHES paper disc agar
diffusion method®} agar plug method & A&} t}).
Azke] S AT i gH-E ODp=015 Hx
2 3A3 ¥ Kirby-Bauer H(15)2.2 agar ®jz|o
Esle] ARgstgior, Reld gL 2 6
mm{Whatman 3 MM)2} filter paperol] 23] A §F&
=3t plate Aol & ¥ A X3S xAPskgdth of 714
A& Hole d& #el’¥ ¥, agar plug method &
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500 nmell A4 FF =S FAFIICE 9, King's me-
dium B agar 9} X[{(KMB ¥} 2], proteose peptone 2%,
glycerol 1%, KH,PO, 0.15%, MgSO,-7TH,0 0.15%,
Agar 1.5%, pH 7.2)el 2|QES widdlS of 34
A A5 E8)%chg siderophored] A A1-S ou]sie g
(17), AE+& KMB agar ull 2] Abol] ul oFsled 3 4]
Aol F55 UV-365nm 3ol A Faaledc)h =g
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(1.5X25 cm)9l| charge A]Z] ¥ fraction collectorS
AL8-3le] 24~25C oA B 1.0m/ ¥ Z2F42 ch-
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Pot test

A3} vl AE-o| in vive AN A Fusarium solani 2]
A5 RS AAsks A1 R4 $93H pot
test& A3t A4S LB si]o] sjkgt F ¢
Altelsted pelletg& 0.1 M MgSO,(19)¢l] dehr)7] 3,
Fusarium solani= PDAo] 1047F wiekgt & oy
T2 d9styoew, di3d7 Fusarium solani =
7}z} 1~2X10° CFU/g, 5X10° CFU/ge] ko & d#
¥ vermiculiteol] 4o} Al58 A}&3}ledc}l 1 & so-
dium hypochlorite €4 2 10827} ¥ AF3)2]3)
& ho}A|F] red kidney bean(Phaseolus vulgaris L.)
= pot F 2704 A3 25T wiekrlo A ol b
sty oF 20947 71 F el Ro} Unicus
ZApshel et 2 el R root 9} hypocotyl H-io] e
RAE HELH vwsle] ZARAsie]ow(20), o]& &
dst7l st 2 7S Ao 33 Ad A ¥ genta-
mycin(30 pg/m/)S F#-3F half-strength PDAoY] uj
W3ted Fusarium solani®] Y& B15 FA}sledc)
2T e AEE MR 4L pote} Fusarium
solani BHS 2|3 potE v w3ledc) Pot test: z}
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AHAS- Fig. 1 vepligc}l, A2 1334370+
o7, FAe] v Aew #BAFrk Oxidase ¥
arginine dihydrolase #}4F5, pyocyanin pigment, py-
overdine pigment2] A 28] 41T A e] A&
=2 A=A Pseudomonas aeruginosad] EAS ¥
o]3 ¢)vh wiebx], AEFL Pseudomonas aerugi-
nosa2 A=A}
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Are Halgglow, Abgdo] FeCLE 71 #*
350~500 nmel| A FF =8 2339 rHFig. 2). ¢] 4
Az F of, low iron mediumel|A] v kg ARS-of o
AL 718S A% 405 nmeA S FFxr) e
wovt, ol HrbE wix|oA ulakgl AbS o] H-E
WIS de F357F vehdR kel ol
P. aeruginosa KGM-1002- o) HZ3F 37ojx] H
2 HYAL R o]L37] ¢3] siderophoreE ¥-n|3
= ¢ 9 UL 405 nmo| 8] Ff F3F %= Tein-
tze 5ol &3] ¥ ¥¥ mixed hydroxamate-catechol
siderophoreq]l pseudobactin®] JF3Ael 400 nm
peak®l FAFEvH17). adebx P aeruginosa KGM-
1009 &3] WA=l siderophoret= pseudobactin?]
e FAHHEYAY, =8 P ageruginosa KGM-100
vl -2 F3F9 ethyl acetate & FE5F F, 33}
84S A ZAA R dAgS Hgewg $
8- 9l siderophore o)¢]e] &P E-2lo] A5 &
o3t}

Siderophore] £2] % %A
Sephadex G-25 column chromatogaphyS 3l 8}

Table 2. Morphological characteristics of isolate KGM-
100 and P. aeruginosa

Characteristics KGM-100 P aeruginosa

o] AT JEHIEA PAZFEAS AR Cell form rod rod
A3}, Table 49} 7o) P. aeruginosa KGM-100-2 A Motility + +
¥ FlrdE EAE QAR G AoE E#Haly g:ageﬂar number t :; 1

. . : age
ot ¥H low iron mediumdlA P aeruginosa scral arrargemen holar polar
olsl ML C ow oA Cell size (um) 12~25 1.5~3.0
KGM-1009] 23} A= siderophores= %343 Cell diameter (um) 09~10 0.5~0.7
Table 1. Antifungal spectrum of isolated microorganisms from soil
Test Fungi
Isolate ) . :
Maduralia Fusarium Fusarium Magnaporihe Pythium Valsa
grisea OXYSPOTUM solant grisea ultimum ceratosperma
15 B* B C
46 D
75 B B C B C
100 A B B A B A
152 C C C B C B
223 C C
261 C
369 B C
464 C C

*Agar plug test (Inhibition zone: A215, 15>B210, 10>C25, 5>D)
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Table 3. Physiological and biochemical characteristics
of isolate KGM-100 and P. aeruginosa

Characteristics [solate P aerugmosa
KGM-100

Gram stain - —
Gelatin liquefaction + +
Starch hydrolysis — —
Denitrification + +
Catalase production + +
Citrate utihization + +
Arginine dihydrolase + +
Oxidase + +
H.S formation + —
Esculin hydrolysis + +
Growth at 4C — —
Growth at 41T + -
Fluorescent pigment + +
Pyocyanin + d
Lecithinase — —
Lipase(Tween 80) + +
Utilization of carbon sources®

ribose, glucose, arginine,

succinate, glutamate, mannitol,

gluconic acid, n-propanol, + +

ethanol, citrate, tyrosine,
fructose, glycerol,

xylose, arabinose, mannose,
galactose, sucrose, sorbitol,
myo-inositol, maltose,
iso-propanol, phenol

+: positive, —: negative, d: doubtful

*Each carbon source was added with concentration of
0.5% to the minimal medium of Palleroni and Doudo-
roff, and the growth was checked after 10 days cultiva-
tion at 30C.

A zt B3E 403 nm2 FHgAlel| A zAMgE A
= Fig. 3ol viehligiom, Hale] 2hsl585 24}
&t A} fraction number 9~12¢) 4] +}el}d= peak
7} siderophoreql 7oz #ql=x|gjrh Siderophore

peakZ o]F= ¥ &L Hol, o9 FFAAE :
ALetel e, o] AFA-E Fig 4o veldgd, of7]4]

403nm®] peaks ¥ 4 dsich In vitrool &
iron¥} iron chelator’} P. aeruginosa KGM-100%
3A A A L Aol v 4 3FE Table 59
Vbl 10 pg/ml %9 iron¥} EDTAE z}7}
KMB wfj=]e] 7}§1& 79 A AARE Fu3)A

okoko}, Fusarium solanioll w3}t P aeruginosa
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Fig. 1. Micrograph of P. aeruginosa KGM-100 (by
TEM, X 12,000).

Table 4. Assay resuits on extracellular enzyme produc-
tton by KGM-1M)

Antifungal activity

Disk diffusion Agar plug

method method

Inhibition  Colony  Relative

zone size activity
(mm) (mm) (%)
Culture filtrate' 20 24 100
Dialyzed sol” 0 40 4]
Heat-treated sol.’ 20 26 9
Ethyl acetate ext.’ 18 n.e* rn.e

'Culture filtrate was concentrated to one tenth by vo-
lume.

?Dialyzed culture filtrate, against water at 4C for 48
hrs through cellulose dialysis sack (MW 12,000).
"Heat-treated culture filtrate at 80C for 1 hr.
*Concentrated soln. after equal volume extraction by
5 m/ ethyl acetate.

"Relative inhibition of culture filtrate against a control
without incorporated culture filtrate.

*n.e: not examined

KGM-1002j Qﬂ“ﬂ% ].2. o) 5-& 78 T3 %4 KMB
u zl o A Mol s ¥AT FAITh mebA, P
aeruginosa KGM- 100 ] #H)3& siderophores in vi-
trool| A St @Al FPoidtA] ¢ LB Ko,
o)== A Aol ¢ Po]2 siderophore?] A
AL A$-ohx e Aakg vepdE o 7 Ui
o]2]3t A7 Brisbane 5218 A= X3}
zat Kloepper 5(10)9] d-rZAzpele dAISHR] o
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Fig. 2. UV spectrum of the culture filtrates of P. aerugi-
nosa KGM-100.

A: Iron added (0.1 g FeCl;/i), B: Iron not added
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Fig. 3. Gel filtration chromatography of siderophore

using a column of Sephadex G-25.

Sephadex G-25 column (1.5X25 cm) was equilibrated

and eluted with deionized water. Fractions of 2 mi
were collected at a flow rate 1 m//min.
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Fig. 4. UV spectrum of isolated siderophore.
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Fig. 5. Mean survival rate of red kidney beans when
P. aeruginosa KXGM-100 and F. solani were added to
pots.

Fach column is the means of four replicates.
Survival rate: Control (not-treated): 84.3%, F. solani
+P. aeruginosa KGM-100: 64.6%, F. solani: 28.6%

A B C

Fig. 6. Photograph of red kidney bean plants after 10
days.

A; Control (Not-treated), B; P. aeruginosa KGM-100
(1~2X 109+ F solani (5X10Y, C; F. solani (5X109)
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Table 5. Effect of iron and iron chelator on the production of fluorescence and antifungal activity of KGM-100
in vitro

oe—
[b————

Chelator added

None EDTA’
fluorescence colony* fluorescence colony
observed size (mm) observed size (rmm)
None Iron +1 30 — 25
1 pg/md + 30 . .
2
Iron® added 3 pg/ml " 08 '
10 pg/mi — 29 — 24

1(+) signifies presence of fluorescence, ‘Iron as FeCl; was added to the treatments, SEDTA was added to the
KMB medium at 2 mg/mi, *Colony size of control (without KGM-100} was 62 mm.

stt}. =& ferric iron(Fe®* )3} ferrous iron(Fe?*)
oltyz}, Cu®', Mg?™, Ca?*, Zn** 59 27} o] &
Astste AR HolBg, ol ¥ & A4}
g a.3}e]gp 2o

Pot test

FU4E AYE 43] yEsE] d& AAE Chi-
square A ¥ Duncan’s multiple range test® %
Al A 2lsle] Fig. 59 Yehl i), Control, Fusarium
solani+P. aerugimosa KGM-100, 1®]3 Fusarium
solani = A 2| A] 27} 84.3, 64.6, 28.6%2] WEES
By} o] A3z B o, P aeruginosa KGM-1003
Fusarium solani & &3] 223l s A+ Fu-
sarium solan: % Fogtel| wvlE)] 2fF 30~50%4
WAEAE BA5E & 5 Jon, ol P aerug-
nosa KGM-100¢] AE3t#] djlxlgo g 2837 <
gle2lg} Al ¥} Fig 62 control®t Fusarium so-
lani+P. aeruginosa KGM-100, 12| 1. Fusarium so-
lani Wt #e]3}d-& wl2] red kidney bean<g] 10¥
F2o] AE-E AT ARElelch

2 o

s lAAH2RZRE TAF A Ee R4
o| 5|+ Fusarium solani R 7)€} A& BHYA &
Holo] S-S 7ZH3) AAste= A7 KGM-100-8
Awbstel o, o] #3292 3zl BAS FAEI)
Aabxl KGM-100 #52] i, Aej3shy 54
2 ALY A Pseudomonas aeruginosa= 7 =
Hom, B 5o & AitEe 2REAdd A5
A S Aol b A Ex}] FPEA] 7o
2 9l ck P oaeruginosa KGM-100-2 =%} iron
chelating agent<] siderophoreS HAslglon, o)==

pseudobacting! FH e 8 FAE} in vitrool 4] A1
Ho|x] gte). EZL pot test A3} P aeruginosa
KGM-100 a5 Fusarium solani=} A Aelslgd
S 7% Fusarium solani =F 2|t A1 g ol ]3|
30~50%9] WA A7} el

ZALS| &

€ A7e 19939%= dAbsEL A A
Aol oJs Pl ow o]e) A=t
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