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o568 oS 3 1y SISt 1 L 5 51eeS s PAL o 5T s 0l s (pmdS SISA) 0550k o s e 0L (2010)
el .ol S el 4 Sl ol OLLS 55 rull ol Ol oS das e 21330 Meloidogyne exigua Jles ale
31 m s e MeXigua s lel e o5 g5 olS (glaady) Cuoslio il 5 s 05Kl 3 )8 &8 s 5 0L s
b 5 41 Dl 31 Rhizoctonia solani <yt ek Jole 5 i olS (555 sz b (Bera et al., 1999) o, Kaa
s ale Olas il 5l b &S s gas sdalie 5 wle Sl e csll24 51 s | Trekd 55 b S slode 3 PAL
OLSan 5 J s o 0L 1 golew S28lS 3 PAL dbts Jeasl ¢ g5 ale 3l G PAL cllns .5l 2alS O O e
Fusarium z L5 5 30 o) o a2 (Sl Sl JalS o e ol SIS 5,08 45 5 S 0Ly
sl ol Ll i El L S Olge sl sl STy Wl AL Sas J xS cpl 5 axiS sulphureum

53U 18351 el Ly PAL GlaaSTy sla o 3T cdlad 206 w4 o001 (slaode il 3 05k Sl oslizal JUos
3 ot sladd il aS el s 8 0l olad (Liet al, 2009) Job o il (s)ls s ssb 4 IS b (sl s
Fusarium () (Meloidogyne incognita) il s las 55 2 < 5S —w el Pseudomonas fluorescens

5 P .putida 53 Pseudomonas fluorescens T58 .(leeman et al., 1995) & 55— OXysporoum f.sp.lycopersici

Lo S ol Jos oS 5 il ol it b a g ylisb (S0 208 28 5w el e 5l Bacillus sphearicus B43
fluorescens 45 s 5 ol (1983) 0/, (Kas s Vandenbergh .(Mwangi, 2003) Ll s olS 53 Seatmes oo slis Slill
Fusarium o el e LS Caylie Jull Col 5 AS 0 S o OlalS a1, olis L;LAMKA Pseudomonas

i ;553 LS 5l Lol s G ol ool oy @l 4 ax 5 Loyl s OXysporoum f.sp. lycopersici



23 1393 5sls 5 ke [U5h o)l [ 53 dla /ALS (gla sy lomy Sliiond

Aald ay S 1y o 31 ol b Ol poe izl 5 (55lamy Jole 250 oo O g8k 5 (581 5 5 8 st Ol 5 o
53 il S g s W) b Lol en G35l JAS om0 Sk e Sl sdel s 6 mls 5 s 1l

Al 2l (len Sl a8 S



Pseudomonas y & sk 3aal 31 ssliinl b K3 a4 58 55 05 solow S pide 24

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

Bera S and Purkayastha RP. 1999. Multicomponent coordinated defence respons of
rice to Rhizoctonia solani causing sheat blight. Current Science 76: 1376-1384.

Cai KZ, Gao D, Chen J and Luo S. 2009. Probing the mechanism of silicon mediated
pathogen resistance. Plant Signal and Behavior 4: 1-3.

De Boer M., vander Sluis I, van Loon LC and Bakker PAHM. 1999. Combining
fluorescent Pseudomonas spp. strain to enhance suppression of fusarium wilt of
radish. European Journal of Plant Pathology 105: 201-210.

Dowling DN and O’Gara F. 1994. Metabolites of Pseudomonas involved in the
biocontrol of plant disease. Trends in Biotechnology 12: 133-144.

Etebarian HR, Sholberg PL, Eastwell KC and Sayler R. 2005. Biological control of
apple blue mold with Pseudomonas fluorescens. Canadian Journal of Microbiology
51: 591-598.

Jetiyanon K and Kloepper JW. 2002. Mixtures of plant growth promoting
rhizobacteria for induction of systemic resistance against multiple plant diseases.
Biological Control 24: 285-291.

Keel C, Weller DM, Natsch A, De'fago G, Cook RJ and Thomashow LS. 1996.
Conservation of the 2, 4-diacetylphloroglucinol biosynthesis locus among fluorescent
Pseudomonas strains from diverse geographic locations. Applied and Environmental
Microbiology 62: 552-563.

Kloepper JW and Beauchamp CJ. 1992. A review of issues related to measuring
colonization of plant roots by bacteria. Canadian Journal of Microbiology 38: 1219-
1232.

Kloepper JW, Ryu CM and Zhang S. 2004. Induced systemic resistance and
promotion of plant growth by Bacillus spp. Phytopathology 94: 1259-1266.

Leeman M, Vanpelt JA, Hendrick MJ, Scheffer RJ, Bakker PAHM and Schippers B.
1995. Biocontrol of fusarium wilt of raddish in commercial green house triales by seed
treatment with Pseudomonas fluorescens wcs347. Phytopathology 85: 1301-1305.

Li YC, Bi Y, Ge YH, Sun XJ and Wang Y. 2009. Antifungal activity of sodium
silicate on Fusarium sulphureum and its effect on dry rot potato tubers. Journal of
Food Science 74: 213-218.

Liang YC, Sun WC, Si J and Romheld V. 2005. Effects if Foliar- and root- applied
silicon on the enhancement of induced resistance to powdery mildew in Cucumis
sativus. Plant Pathology 54: 678-685.

Liu L, Kloepper JW and Tuzun S. 1995. Induction of systemic resistance in cucumber
against bacterial angular leaf spot by plant growth-promoting rhizobacteria.
Phytopathology 85: 843-847.

Mwangi M. 2003. Mechanisms of action in biological control of Fusarium oxysporum
f.sp lycopersici in tomato using rhizobacteria [PhD]. [Bonn (Germany)]: University of
Bonn.

Nandakumar R, Viswanathan R, Babu S, Sheela J, Raghuchander T and Samiyappan
R. 2001. A new bio-formulation containing plant growth promoting rhizobacterial
mixture for the management of sheath blight and enhanced grain yield in rice.
Biological Control 46: 493-510.

Oka Y, Cohen Y and Speigel Y. 1999. Local and systemic induced resistance to the
root knot tomato by DL- O-amino-n-butyric acid. Phytopathology 89: 1138-1143.



25

1393 Oh'-»-gu JJLQ/J"‘ e)wlr‘gb ‘,“.w/‘;ﬂl:g 6\.&6}\.«.:.3 QU:.:.E;.J

17.

18.

19.

20.

21.

22.

23.

24.

Ramamoorthy V, Raguchander T and Samiyappan R. 2002. Enhancing resistance of
tomato and hot pepper to Pythium diseases by seed treatment with fluorescent
pseudomonads. European Journal of Plant Pathology 108: 429-441.

Ramanathan A, Shanmugam V, Raguchander T and Samiyappan R. 2002. Induction
of systemic resistance in ragi against blast disease by Pseudomonas fluorescens.
Annals of Plant Protection Sciences 10: 313-318.

Raupach GS and Kloepper JW. 1998. Mixtures of plant growth promoting
rhizobacteria enhance biological control of multiple cucumber pathogens.
Phytopathology 88: 1158-1164.

Sahebani N. 2004. Interaction M. javanica with Fusarium oxysporum f.sp lycopersici
and evaluation some defence biochemical mechanisms [PhD]. [Tehran (Iran)]:
University of Tehran.

Silva RV, Oliveira RDL, Nascimento KJT and Rodrigues FA. 2010. Biochem Mical
responses of coffee resistance against Meloidogyne exigua mediated by silicon. Plant
Pathology 59: 586-593.

Van LoonLC. 2007. Plant responses to plant growth-promoting rhizobacteria.
European Journal of Plant Pathology 119: 243-254.

Van Loon LC, Bakker PAHM and Pierterse CMJ. 1998. Systemic resistance induced
by rhizosphere bacteria. Annual Review of Phytopathology 36: 453-483.
Vandenbergh PA, Gonzalez CF, Wright AM, and Kunka BS. 1983. Iron- chelating
compounds produced by soil pseudomanads: correlation with fungal growth
inhibition. Applied and Environmental Microbiology 46: 128-132.



Pseudomonas y & sk 3aal 31 ssliinl b K3 a4 58 55 05 solow S pide

26




Research in Plant Pathology/Vol. 2/No. 1/Spring and Summer 2014 2

Management of tomato wilt disease caused by Fusarium oxysporum f. sp.
lycopersici with Silicon and Pseudomonas fluorescens (CHAQO) and assaying
activity of Phenylalanine ammonia lyase (PAL)

M. Tavakol Norabadi*, N. Sahebani?, H. R. Etebarian®

Abstract

In this research combined application of Pseudomonas fluorescens and Silicon against
Fusarium oxysporum f. sp. lycopersici and induction of resistance in tomato against pathogen
was studied. Effect of different concentrations of silicon (1-7 mM) on growth of F.
oxysporum f. sp. lycopersici and P. flourescens was measured. The results showed that all
concentrations of silicon had adverse effect on growth of P. fluorescens. Silicon upto 5mM
concentration had no effect on the growth of F. oxysporum f.sp. lycopersici, but at
concentrations of 6 and 7 mM, growth of the fungus was significantly affected compared with
control. Due to the negative effect of silicon on growth of P. fluorescens, 3mM concentration
of silicon was selected for greenhouse studies. Greenhouse experiments showed that treatment
with P. fluorescens as soil application and silicon as aerial application had the greatest effect
on reducing disease indexes and increasing plant growth. Also maximum activity of Phenyl
Alanin Amonialyase occurred on the 5™ day after combined applications of silicon (as aerial)
and P. fluorescens (as soil drench). Use of silicon as an inducer of resistance and P.
fluorescens as biocontrol agent and plant growth enhancer can be effective method for control
of soil borne plant pathogens such as F. oxysporum f. sp. lycopersici.

Keyword: Fusarium oxysporum f. sp. lycopersici, Pseudomonas fluorescens (CHAO), silicon
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