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Antifungal Activity and Plant Growth Promotion by Rhizobacteria
Inhibiting Growth of Plant Pathogenic Fungi
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Since many pesticides cause various health and environmental problems, altemative measures to replace them are
needed, and the bacteria producing the antifungal substances can be one of them. In this study, several rhizobacteria
were isolated and their antifungal activities against some important plant pathogenic fungi were examined.
Pseudomonas otitidis TK1 and Paenibacillus peoriae RhAn32 inhibited the growth of Fusarium oxysporum f. sp.
niveum and E oxysporum f. sp. Iycopersici by 49.8% and 45.6%, and 45.1% and 48.3%, respectively compared to
those of the control. P. peoriae RhAn32 also decreased the growth of E oxysporum f. sp. raphani by 37.5%. This
growth inhibition might be due to the production of antifungal substances, such as siderophore, hydrogen cyanide
and chitinase, which were produced by these rhizobacteria. P. otitidis TK1 also produced plant growth hormones
indole acetic acid and indole butyric acid at 293.41 pg/mg protein and 418.53 pg/mg protein, respectively. When P,
otitidis TK1 and B. cereus TK2 were inoculated together with F oxysporum f. sp. lycopersici to the 4 weeks grown
tomato seedlings and incubated additional 8 weeks, the stem lengths of tomato increased up to 45.7% and 55.3% and
root lengths were raised to 64.9% and 60.8%, respectively than those of the control group. The wet weights
increased by 118% and 182 %, respectively compared to the control group.
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T EQkAlto] EH|oh= A EH Yt Al Ea 2o
3 24 5ol thet |7t SEs] X138 Fo|th(Han et al., 1999;
Kremer and Souissi, 2001; Meena et al., 2001).

A 29 T EAcs 47 Ad=2 4888 X8
Aoz L FH =t o5 auxin, gibberellins, cytokinin 52
E288 Buls AZo] o] Fste] Aol o183 & 3l
thKende and Zeevaart, 1997). 3+H ZHA A= FIEZL A
S 2T R o 2 Al A Ad-S A= g
o} Eool) Ho| 1-6% AT A o] 22] et 3l
ol &47 o] & = §17] wiiZel HE o857 Hlsf EFA
EE50| ZAL 314 Hrk(Bashan and de-Bashan, 2005). &%
@Al &3 A4HE siderophoret= A& U/ AatollA A
AFE siderophore Rt} Hiko] 23H/do] ot ol BEFA]
£ A% thS AlgAlE Y2 Soj7itt ol= M JHY =
A} ol ARG @AI5}H 2418 SR=(Niranjan er al.



2005) SAO AEANA S FF6t AEANSY B 5EEF
ZFAZItHRroco et al., 2003). $H AR AlFe] AAsk=
hydrogen cyanide (HCN)&= A& 94 X2 A3 olu dot
2 et Aoz orE x| 1 9th(Voisard ef al., 1989). Chitin
2 ZFo A ZHE Ld3t=t 0|5 Ealldt= B4 chitinase
7t AEH A JFe AEE AAI5t7] 2o chitinase E3E
FAFA E-Z 2235 4= 1th(Ordentlich ef al., 1988).

O|AI7HA] FRH S M ZEANTL AEFEA Tl H
A= A ZAR3A GU=d|(Ams et al., 2002; Kanchana
Devi et al., 2007) £ Ao A= 135 A o)A n]AEA = A
£317] 8l 5717 9] Fagt AEH YA Jdol del IR
< 7HAA SAlY ZEARER TS el SEAdE 45
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-2 X UE(Erechitites hieracifolia), 7\&Z2(Erigeron annuus),
A AW (Hemistepta lyrata)®} 2455>(Zea mays)?] ZHOZH
B Y33t £ AZE 1 g2 0.9% saline -84 9 mlof ¥ 11 3057t
150 rpmof|A] WHESE AF5o-S A4 5]43}1e] potato dextrose
agar (PDA; Difco Lab, USA)ol| =25} 30T of| A vl sttt
bt AL R d izt Adiuigste] £2€ 77719
+FE IO E TS I A2 A A7 A
ZAAE E1s7] st PDA ulR|e A5 A& v
2] wjgste] FAAIR Dl BiA] 2ZH(1x1 cm)E 22t A PDA
Pl A] §% Eofl &3l BHE o= el v
< YA HEsto] 30T oA vjgFstlet. Aehd X9 AR
7t 2 A Q2T A7 o2 d AR HelE A
A 2 v wste 59 F2ds ARE Felst
St FRats ZAE Y8l AHEE AlEH YA Ad2 BErtE
AN=L HAAQl Fusarium oxysporum f. sp. lycopersici, =8¢

P2 RS U O 7)= Fusarium oxysporum f. sp. niveum, 5= X
=21 YA Fusarium oxysporum f. sp. raphani, 13 x|
WA Colletotrichum gloeosporioides®t ¥ nFEH-& Yo 7|=
Rhizoctonia solani®] )T}

Han 5(1999)2] W& HPAA T3l Al 29| A
3= B3} =1 Potato dextrose broth 40 mlo]] 2] & A]
A FAAIZ 921 PDA vjZ] 2ZH(1x1 cm)-& 53§ o
o ARG FRAA Hole FF5 1x10 cell/mlo] HEZ
AEst 797 £ wigstenh EEugds ddEY
(3,000xg, 15 min)dted At FARATES 3|55l FAARA]
Z1(-80C, 12 h) & AxFFS S5t o5 HTol 93 A E
WA 2eto] A% A8l 5 vl Lkt

FRFso| 58 4552 At ¢ DNAE FE3taL
PCRE =33t & (F)uta 2 Ao o5t d2 ¢F 1,400 bp<]
16S rIRNA §-AX} A7) 4 8L EzTaxon server 2.1 (Chun Lab.,
Korea) < ©|-83}% NCBI 55 #5531 H| w5l S35t

Siderophore: Chrome azurol S (CAS) agar plate assay
(Schwyn and Neilands, 1987)& E-3|4 HA] siderophore AJ4d 0]
ol E2]#FE 40 ml King’s B H|X|(KB: protease peptone
20 g, glycerol 10 ml, KH,PO,4 1.5 g, MgSO, - 7TH,O 1.5 g, pH
72, 357 1 D)ol ¥ A ok =, wiFA ] ODgoo] 1.00] H=5
B¢t 1 KB HjA] 36 mlo] 4 ml¥ BAHE 7€ JF
3lod vl oFsH A1 (150 rpm, 30°C) 24X]7F 7+Z © 2 siderophore S
AFEASIATE &5 Wi FH 15 mlE conical tubed] YL ¥4
£2J5}11(3,000xg, 30 min) A-5-H-S pH 2.92 B F, T3]
ethyl acetateZ Z¢}5}o] extraction shaker (Recipro shaker
RS-1, JEIO TECH) 2Z3}15tH300 rpm, 30 min). 225 -8-H
& thA] YAEE]3131(3,000%g, 30 min) AF52] ethyl acetate 5
ml¥} Hathway 9-8-8-9(ZF<= 100 ml¢f 0.1 M HCIZ ©]-8-5}¢]
THE 0.1 M FeCl; €9 1 ml3} 0.1 M potassium ferricyanide 1
mlZ 37h 5 ml& 208 ¥RSAIT] & ERFEAE o83t
OD700 & 4314t} Dihydroxy benzoic acidE o]-&35}o] d-&
HE AL 0]-8-8to] FA R ZHH siderophore & AT

Chitinase &4J: 2-2]4#55 0.2% chitin-peptone Bl A](glucose
5 g, peptone 5 g, colloidal chitin 2 g, K;HPO, 1 g, MgSO, - 7TH,O
05 g NaCl 5 g, 282 1 L) 40 mlo]| A2l A wjof 2,
ODso°] 1.00] ==& B3 7 22 v 2] 36 mlof 4 m14] uljeF
HE HE3 5 4Y 5w SSFATHIS0 rpm, 30°C). MY HS
YAEZ5}11(3,000%g, 20 min), 4524 0.25 ml¥}+0.1% colloidal
chitin 0.5 ml, 1 mM sodium phosphate buffer (pH 5.3) 0.3 ml-&
Z+z Z%sted 50C ol A 4A]7t 5-<F §Eg-A1 3 th. Chitinase 2/
2 dinitrosalicylic acid Y& ©]-83}4] chitino] E3j|=] o] AJA
= glucose 2] %2 ATFsIHtHMauch e al., 1988).

Hydrogen cyanide: B++% 5%1 cm2] &J1}x](Whatman No. 1)}
10% alkaline picrate -84(2.5% sodium carbonate, 0.5% picric
acid, 54 1 L) &4ttt x| & 20%7F 10% alkaline
picrate §-2of] 241 F 4204 2417 Bt A=A A E
A& 938l LA A ulR|(tryptone 10 g, yeast extract 5 g, NaCl
10 g, glycine 4.4 g, agar 15 g, &34 1 L) 2l dF2 &
L 5 =go] F H UA A]o] GMH AR E gl ol
parafilm © 2 g3t 30 C oA 49 5+ o229 A Hst=
TEE § #575 Atk AdE E2HFE tryptone soy
broth (TSB)ol| HFsta A vt F FFF=AE o5tk
ODs0®] 1.00] E =2 BA3}$ T TSB 36 mlof 4 ml #3575 A
ko] 443 vFSHETH150 rpm, 30TC). 5x1 cm@] o3}
(Whatman No. 1) 10% alkaline picrate &9o]] 2 Al F] A&
oA 24X17F Bt 7241 7] 1 W} 4211 2] TBS O ool A 48
A7 Bt A WishE PaFsIh Mo Wt o7 E AYA o
5 conical tubeo]] Y11 ZFS 10 mlE A71ske] 108 <
300 rpmof| A} Aol F, Y4EE]51L(3,000%g, 20 min) A5
99) FHEE 247 625 nme}510 nmoll 4 23hsick

IAA2} IBA MMSs Z=A}

Fatsol Ve 2575 HERET=EY auxin F i EHQ]
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indole acetic acid (IAA)$} indole butyric acid IBA)2] A&
A9l L-tryptophang A75HA] &2 nutrient broth (NB) B x| o]
Al ujgFste] ODeoo] 1.00] = =S BA5}5{TE 71 5 L-tryptophan
< 3 mM= Y2 NB 17| 36 mlo] £t 4 ml& HE5}Ho
uljoFEETH150 rpm, 30°C). BSF 24A)7F 7HE 2 2 TIAALL IBAS
75t sigFHol A 1 miE Fgh the YHE=skal(3,000xg,
20 min), AFSH 0.5 ml7} Salkowski -8-H(H,SO4 150 ml, H,O
250 ml, 1.5 M FeCl; - 6H,O 7.5 ml) 2 ml2 &35} AR2of A
3087 vk A7 o Infinite” 200 PRO multimode reader
(Tecan, Austria)E ©]-83}o] IAAE 530 nm, IBAE= 450 nmo|
A FFEE SHSIL, BE TAAY IBAE ARS8t 2 &
ERAE o) galo] FSIA) 2] DTS 2Hel7) 94
9 Age] gael & e AR | me SR4E g
T 2 % 0.1 mlE Bradford reagent 1 ml¥} 30827+ 5F-3-A]7] 3
595 nmoj| A &F =5 =743}91L, bovine serum albumina Ab
goto] @2 EETAE o]-&sto] Hgsto] IAALLIBAY] A4
g T o] gho 2 Yehfgich

30| ENIE MEETI MF

B2 A4S P. otitidis TK13} B. cereus TK22] 3}AH53} A5
AR 2202 S1015Y| Q8| ERFE(Lycopersicon esculentum)S
do 2 AujAE-S AASHAT 2 mm A2 A EkE 121C
ol Al 1587+ Hatgh £ 60°C ovenollA| 24A|7F AZRA|A 2717k
FYE potol] 200 g¥ FLSHA FUTh 95% ethanolofA] 18,
0.85% sodium hypochlriteo| 4] 1087t A58l Ut SHSE
2-33] AT BEnfe FALAL242°, Aujyazeer (PIE
plant growth chamber [12A)7+& 33=2A(30°C, 3500 lux), 12A)17+
A22A2R5C)IoA 3-4U7E obAH e} Hobd FHE 2t poto]]
5784 o]4l8faL 30 g&] Bk 2 EESIGt) Afdo] AMeE 4
A2 NB x| of] 72417k 52t vjFgH30C, 150 rpm) &, €4
£2](3,000xg, 30 min)3}o] 0.1 M MgSO, 5o g = W A
Z3}aL, @n|7 1} hemocytometer 2 Al viFH o o 7|
227} 1x10’ CFU/mlo] =2 BAslo 79 7+A 02 20 mI¥
Z} potol] EsHATh w52 57| $13l PDA Hix]ollA|
A}k F. oxysporum f. sp. lycopersiciZ 1x1 cm =7]2 PDB Hjj X
ol HZE3to] 747t v ¥2H30C, 130 rpm) ¥ homogenizerZ 1}
st A4=2](3,000%g, 30 min)so] AFAE A|ASL
20% (wet w/v)S] FA3HE FAA AFES Sv|skATh

EntE §H & triplicated] 0| F 2o 45 5 AF
o2 ZH|F)|A] plant growth chamber [30T, 12A]7F F7]9]
F221(3500 lux) T} A=A 25C)]ol A 857F viFstiet. s
54" 20 ml& pot ol o] B o3 FFEHEE )
A1, 5 mlE 5 EY A Astatt. A 8 & Ent
& 27]9] Zolot Wele] o] 127 HEFFES S YT

SAH 2|

AN B2 A} {944F E<I57] $I5ke] Analysis of
Variance (ANOVA, SPSS ver. 12.0K)E 0] 85} Z4) 2] 2|5k
A oy olRE TASGON, AFEALS Bonferroni

testE Y3t
2

=xo| 22|SH

HF2AUHEE ZHESANA 28 +5 TK1Z TK?2, 7/Hd=
THEPNA EE|H F5 Rh2e}t Rh7, A 37) 3] QoA £
2|9 5 EnA9%t S 2l EgolA E2E RhAnl18et
RhAn32 #5+5 16S rRNA 32t G714 E& ]85t 53
A3} TK1-E Pseudomonas otitidis2} 99.708%, TK2= Bacillus
cereus®} 99.735%, EnA9+= Brevibacterium frigoritolerans}t
99.867%, Rh22} Rh7= Pseudomonas koreensis2} 22+ 97.521%
2}99.519%, RhAn18-2 Bacillus subtilis subsp. inaquosorumi}
99.658%, RhAn32= Paenibacillus peoriae2} 99.663% 2] A=
A& ek

Bel2E TS threm PDA WiAolA AERel 1
Fusarium oxysporum £. sp. lycopersici, F. oxysporum f. sp. niveum,
F. oxysporum f. sp. raphani, Colletotrichum gloeosporioides2}
Rhizoctonia solani®] AF AR|S ZAVSFETh P. otitidis TK1
Z R solaniZ A&7t 471 A++&] Y-S AAISIAL B. cereus
TK2+= F. oxysporum f. sp. raphaniZ A3t 47 A-2] A4S
A&}t B. frigoritolerans EnA9= F. oxysporum f. sp. niveum
O] AAES: AAGFH O H, P. koreensis Ri2Q} Rh7-2 F. oxysporum
f. sp. niveum®} F. oxysporum f. sp. lycopersici2] A& A &5t
At} B. inaquosorum RhAn18-2 F. oxysporum f. sp. niveumd}
R. solanig A|LJ3t 3702] At9] B2 A o™, P. peoriae
RhAn32+ 57]9) A& 25 A5t
griay 23 M8 AL

CAS agar plate assay S F3J|A] siderophore 2] A2 A Z o
2 gk 21 242 Uehd 770 FFE 2 & siderophore
A= zAVsE Aa} vk 4 A A o) P. otitidis TK13} B. cereus
TK27} 242} 3.21 mM/ml3} 2.35 mM/ml2 =2 A2 e
WAck(Fig. 1). HCN A o] AAZEA Ax} P. koreensis Rh22}
Rh7 #%50] HONS AAsHe 202 trehton o2 thy
HFEAT 43t T 4571 2442 0.46 mg/ml} 0.40 mg/ml2)
HCN-Z A3ttt 2a|li5E chitin-peptone FTHulj 2] o) uf
OFst A3} B. cereus TK2, B. frigoritolerans EnA9%} P. peoriae
RhAn327} A FA51o] chiting ©]&3t= Ao E eyt
t}. o] #FE9 chitinase A =4St 21} B. cereus TK29]
A= Aol JeIR] ¢9koH B. frigoritolerans EnA9%} P.
peoriae RhAn32+= Z+Z}+ 1558.9 uM glucose/min/mg protein2}
1436.7 uM glucose/min/mg protein®] 43S Yel ).

2 2} FAol 1N R ANE ZAKR H P, oriridis
TK13} P. peoriae RhAn32%= F. oxysporum f. sp. niveun 2] 74



ZF txFol Hlal] 42 49.8% 2 45.6% S AR B
ABA A} go)4o] Q%THFig. 2). T3 P. otitidis TK13} P,
peoriae RhANn32%= F. oxysporum f. sp. lycopersici®] 7AZ5%F
& 2ol vlal 22 45.1% 2} 48.3% 5 HAAFH L SAEA
Ax oA AAX A ek(Fig. 3). P. peoriae RhAn32% F.
oxysporum f. sp. raphani®] AZZFS djZ27Lo)| vl 37.5%
AR BAH Go40] ATHP<0.05).

IAA2} IBA MM =X

P50l E1E FFol| A IAALHIBA B3-S 54T A3t
wloF 2R P. otitidis TK1 w5204 293.4 pg/mg protein
2 7 =2 1AA YAS e 2L B. inaquosorum RhAnl8
57} 78.0 ug/mg protein® 2 F HAZ =2 [AAE A3
th(Fig. 4). E3 P. otitidis TK1 F3L 147R0] 418.5 pg/mg
proteinZ 7} =& IBA YAE e 21 Rh7 #F= 394
o] 230.6 pg/mg proteinZ F HAZ =2 IBAE WA}

x| EOlE MEET

P. otitidis TK13} B. cereus TK22] F. oxysporum f. sp.
Iycopersicioll gt 55 Ist7| 3l 45 At EntE
FHE W2 Aet-s HFdto] 837t 2915 pot AHS
st A3t P. otitidis TK13} B. cereus TK2S HZE38t L E || A
2%t EntE 9] £7] Zoj&= i A2 HHE HRE®8.1 cm)o]l
H)3l Z+2} 45.7% (11.9 cm)@} 55.3% (12.6 cm) Z7}8F9aL, B
g dol= A A2 WE2L(7.4 cm)of| H|S) ZH2}F 64.9% (12.2
cm)9} 60.8% (11.9 cm) Z715}4cthFig. 5). 58 Zeke A
A7) 2201 mg)oll H]3) 22k 118% (0.2 mg)2} 182% (0.3
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Fig. 1. Siderophore production by isolates P. otitidis TK1 (&), B.
cereus TK2 (M), P. koreensis Rh2 (@), P. koreensis Rh7 (@), B.
frigoritolerans EnA9 (), B. subtilis subsp. inaquosorum RhAn18
(), and Paenibacillus peoriae RhAn32 (O) in King's B medium.
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Fig. 2. Growth inhibition of F oxysporum f. sp. niveum by coincubation
with 1x10 cells/ml of P. otitidis TK1 and P. peoriae RhAn32 for 7
days in potato dextrose broth medium (¥*: p <0.01, *: p <0.05).

mg) 371515tk ANOVAZ 538 4} o] 4k =% 54|
202 o8 AUHrHp<0.05).

1]

il

ABETHA IAY o o] &E= nES 2d, &Y, 18T
HollA SHALE stAY AL sh A Eol|A F-83 88
ot nIER Yt Qled, AEARER TEES £
SHAY AU gt Al i3] 22 A E S A4t
sto] S Asfiste] A EoA £ ATE HeEdth(Bashan
and de-Bashan, 2005; Niranjan et al., 2005). & Ao A+= g
55 I3ste XS 28t AR =
AR AR 4= A=Al dia AR EEldtF F 57HA
8 AEE A Atol it A7 Asi7t 2<%t 77 59 16S
RNA §32} Q7148 B4 2t BE F5ollA] 7180 B
1H & FFEHY AT 97% ol YEtt=d, F o=
7R BesHA B7317] $JalA= DNA-DNA hybridizationS
s garlQch

PDA gHduljz] ol A 5712 9] A1 EH 94 Xt gk A% A
= #3Fo wet R 5o P. peoriae RhAn32, P.
otitidis TK13} B. cereus TK27} 7H4 Y& A ¢S Ve
o} o] 59 FHHA B AAH5E RABIEEY siderophore
M52 P. otitidis TK1 (Fig. 1)¢] Pseudomonas spp.2] 100—
230 pM (Alexander and Zuberer, 1991)°|Y Bacillus sp.
RFO419] F 40 uM/ml (Lee and Song, 2008) HT}E Y53 =

2.5
CIEP!
= 15
z 1
L oos
0
control Tkl RhAn32
strain

Fig. 3. Growth inhibition of F. oxysporum f. sp. lycopersici by
coincubation with 1x107 cells/ml of P. otitidis TK1 and P, peoriae
RhAn32 for 7 days in potato dextrose broth medium.
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2 ZAdto|t}. Siderophore 2] A A 9| Frof TRE ] gl
© B Z2(Ams et al., 2002) 7]&2] vjx|of ] W& H2 Hr}sich
A 79| 5 B siderpohore 0] /7o) F7HE AL 2 o4
et v g E)A A3 siderophore7} Z15#9] A 0|85 A
sto] S AA 7= FAlO A g A& Fgste] AE8F
S EAAZ 4 Q7] "Eo|(Niranjan et al., 2005) &
sdierphore A/d5S Bol= 59 S Zo] FrREIttd A&
Ao B2 22 A7) 7| E k. HCN2 P. koreensis Rh22}
Rh7 #Fqto] A= o] 52 MASLS Alcaligenes latus
9] ¢F 5 pg/mlEct A &2 $X*|¢ld|(Kanchana Devi et al.,
2007) 5 pg/mle] FETC 2 ® F2E F1FS AL 100% FY
4= 9o B2 P koreensis Rh29} Rh72 U= H|OF Sof 2Jst
HON 3% 58] Edle] 4357 502 Qg 5222 73
7 e o ARE3HE 22 a9 E 4 Ao = 7|gH 5
Ak AT M ETE EQF2 Bt a4Fo0] €| wfEe
(Kremer and Souissu, 2001) HCN2] AAo] F&S u|X|&= Q9
259 tsix e F712Q1 457t Faste}. Chitin} f-glucan
2 Z AlEHY F8 ARo]7] wjZel chitinase?} 1,3-B
-glucanse7} Al EH A Ztol] gt Wo] IS & 4 St
(Mauch et al., 1988). & AL A B. frigoritolerans EnA9%} P.
peoriae RhAn329] chitinase 842 Pseudomonas fluorescens
MDUS8 (Nagarajkumar et al., 2004)2} Bacillus sp. PS2 (Lee
and Song, 2008)<2] ¢F 80 pumol/min/mg protein®] glucose A43
FHT} 18ulo A 204 H =2 U53] =2 =25 Bt
EHATE 5 AEHNEA A4y B AsieT IR

B ALl 95351 F3= P otitidis TKIZ¢ P. peoriae

~
>
A
L
S
S

IAA producion
(ng/mg protein)

0 1 2 3

Time (days)

C)

IBA production
(ug/mg protein) ~~
5]
n
=}

0 1 2 3 4

n
(=)

Time (days)
Fig. 4. IAA (A) and IBA (B) production by P. otitidis TK1 (@), B.
cereus TK2 (A), B. frigoritolerans Ena9 (@), P. koreensis Rh2 (LJ),

P. koreensis Rh7 () and B. subtilis subsp. inaquosorum RhAn18
(O) in nutrient broth medium.

RhAn32S] RS2 AFTe] THES Bo) Ao
At Al 59 Fusarium oxysproum2| A 5214 Q1A #
3|5} 2 H(Figs. 2 and 3), Rhizoctonia solani®} Colletotrichum
gloeosporioidesT™ )27+l vl A F35HA] AAAFHA
9t SAEA A §o4 Sl FAE A ZRl=d, wer ol
£ replicate®] -8 S7HAI71E Fo14 Qs 2AE 2E 5 2
2 A2 JAE P. otitidis TK13} P. peoriae RhAn32=
Bacillus sp. RFO419] F. oxysproum®] A2 45.8% A3JAI7]
FA R} ot =AY §A5EgTHLee and Song, 2008).
Promicromonospora sp. KH-289| F. oxysproum3} Phytophthora
capsici® A& V71 74% 2L 50% A A H ks E7t QIR
(Han et al., 1999) o]= 2082 =3 chitinaseS FZ35t A3}
olt}. P. otitidis TK1-Z E3] =& siderophore 2] 45202 4]
YA I S F36HA AN Aer FHEY
(Fig. 1), P. peoriae RhAn32%= siderophore ¥4l olua}
chitinase 2] £ &4 W22 AL E FYHckFig. 1). A o
£ JRAFA EF2l B-1,3-glucanase, cellulasel} phenazine S
o S = F7h210l A7k @ a st
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Fig. 5. Shoot length (A), root length (B) and wet weight (C) of the tomato
plants grown for 8 weeks after inoculation of F. oxysporum f. sp.
lycopersici (fungi) together with P. otitidis TK1 (fungi+TK1) or B.
cereus TK2 (fungi+TK2). Control was not inoculated either fungi or
bacteria. The asterisk (*), (**) means statistically significant
difference (p<0.05 and p<0.01, respectively).
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