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ABSTRACT

Biological control of soil borne plant pathogensis a potential alternative strategy to agrochemicals that are harmful
to human health and the environment. Thus the present study focuses on the screening of indigenous soil isolates
with multiple traits related to biocontrol of Xanthomonas, Fusarium oxysporum and Rhizoctonia solani.
Rhizosphere soils were collected from different areas of Bangalore in India. Out of 12 actinomycetes and 51
bacterial isolates that were isolated, 1 actinomycete and 3 bacterial isolates showed maximum antagonistic activity
against Xanthomonas spp (13- 20%) and Fusarium oxysporum (25-76%), Rhizoctonia solani (55- 83%) by dual
culture technique. These isolates were identified as B. subtilis, P. aeruginosa, Streptomyces spp and P. fluorescens.
The four isolates were further screened for PGPR traits. P.aeruginosa p6 showed positive for all PGPR traits and
antagonism due to siderophore and HCN production. B.subtilis B2 showed mycolytic enzymes mediated antagonism.
Streptomyces sp. 9p and P. fluorescens R showed concurrent production of both mycolytic enzymes and PGPR
traits. All the four isolates showed increase in seed germination in the range of 28 to 71% when compared to
control (14%). Present study reports the PGPR potential and biocontrol ability of the strains which can be used as
biofertilizers as well as biocontrol agents.
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INTRODUCTION

Tomato [ycopersicon esculentum Mill.), one of the most important vegetable in mamuntries has a worldwide
economic and nutritive importance [1Rhizoctonia solani and Fusarium oxysporum are major soilborne fungal
pathogens of both greenhouse and field grown toesabo the warm vegetable growing areas of the wi#]d
Fusarium wilt of tomato caused Bysarium oxysporum f. sp.lycopersici andRhizoctonia solani causingdamping-
off, cankers, root rots, fruit decay, foliage dise@auseserious economic losBusarium oxysporum penetrates the
roots mainly through wounds and proceeds into analighout the vascular system, leading to functiondapse,
systemic wilting and often the death of the infdgbéant [3].Rhizoctonia solani reduces plant growth by rotting the
roots, and thus reducing the ability of the plaotsake up water and nutrients; it may even leaglaat death or at
any rate to significant yield losses in field cdratis [4].

Bacterial spot of tomato caused Xgnthomonas sppis one of the serious diseases of tomato respenfiblsevere
economic losses. This disease is economically datag to growers, especially in warm and damp aties which
are common in tropical and subtropical regions. @&tnplants are susceptible to this disease inealeldpmental
stages [5].
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Fungicides as a soil and seed treatment are useéldef@ontrol of different plant pathogens [6,7lahe number of
effective fungicides with negligible effect on themvironment is rare. Fungicides are expensive, caumse
environmental pollution and may cause the seleatfogmathogen resistance [8]. Biological controkréfore, holds
promise as a strategy for disease management enenvironment friendly too.

Plant growth promoting rhizobacteria (PGPR) areetefogeneous group of bacteria that can be founthen
rhizosphere, at root surfaces and in associatidim rgots, which can improve the extent or qualitypkant growth

directly and/or indirectly. PGPRs promote plantvgito directly by synthesizing plant growth promotisighstances
or by facilitating the uptake of certain plant nemits from the environment. Indirectly by antagamizpathogenic
fungi by production of siderophores, chitinagel,3-glucanase, antibiotics, fluorescent pigmeaisl cyanide [9].
In addition to these traits, plant growth promothlgterial strains must be rhizospheric competanig to survive
and colonize in the rhizospheric soil [10]. So kagpn view the above constraints, the presentystuals designed
to screen for rhizospheric bacterial isolates hgiwmultiple mechanisms to antagonize tomato path&agen

MATERIALSAND METHODS

Collection of samples

Thirty five differentSolanaceae rhizospheric soil samples were collected fromrid around Bangalore, Karnataka.
The sample was collected in 1cm depth and it wakezhin a sterile polythene bag and labeled prggerlfurther
processing [11]. 1g of soil sample was seriallyitl in sterile distilled water, 0.1 ml of soil pession from 18 to
10" were spread plated onto nutrient agar plate fotepim and ISP-4 medium for actinomycetes. Theeplatere
incubated for 24hrs at 32 Colonies showing different morphological types weieked and subcultured onto
respective media for purification and they wereedaat 4C.

Phytopathogens

Bacterial pathoger{anthomonas spp was obtained as a kind gift from IIHR, Heshatta, Bangalore. Two fungal
pathogengrhizoctonia solani (MTCC 4633)andFusarium oxysporum (MTCC 1755)were obtained from IMTECH,
Chandigarh.

Antagonistic effect of theisolates

Antifungal activity

The bacterial isolates were screenedifovitro growth inhibition of phytopathogenic fun§usarium oxysporum
and Rhizoctonia solani. One microlitre of 24 hrs old bacterial culture viagculated in potato dextrose agar (PDA)
plates and a 3cm diameter disc of mycelia was diired in the plate centre and incubated for 10 dag&6C. The
culture plates were observed constantly, the ragiaith of the pathogen recorded on the fifth dajnoculation
and percentage inhibition was calculated usindgdhmula,

Percentage inhibition=[(Control-Test)/Control ] RA

Antibacterial activity

The bacterial isolates were screenedifiovitro growth inhibition of phytopathogenic bacteXanthomonas. One
microlitre of 24 hrs old bacterial cultures was dotated in Medium-9 plates containing the lawn wunat of
Xanthomonas sppincubated at 3€ and observed daily for formation of transparexibs around each colony for up
to 4 days.

I dentification of theisolates

Isolates showing maximum percentage inhibition wsedected and identified by cultural, morphologieaid
biochemical characteristics as described in Beggmanual of Determinative Bacteriology [12]. Furthiee isolates
were subjected to partial 16srDNA gene sequenangliylogenetic analysis.

I n vitro screening of Multiple Plant Growth Promoting Activities of isolates

Phosphate solubilization

Phosphate solubilizing efficiency of the isolatesrevmeasured following the method of described bizKelson
and Bose (1959) [13]. Plates containing nutrierdragedium supplemented with £@&0,);0H were inoculated
with 10ul of 24 h old pure bacterial culture andubated at 3C for 7 days for the formation of transparent halos
around each colony.
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Zinc solubilization

Plates containing basal medium (glucose-1.0 g; aniumosulphate - 0.1 g; potassium chloride - 0.8igptassium

hydrogen phosphate-0.1 g; magnesium sulphateg;@gar- 2g; distilled water -100 ml, pH 7.0) sugspénted with

0.1% insoluble zinc compounds ZnO, ZnC&hd ZnS (Sphalerite ore material) were inoculatétd 10l of 24 h

old pure bacterial culture and incubated aC3f@r 7 days for the formation of transparent halmsund each colony.

IAA production

IAA production was detected by the modified metlasddescribed by Brickt al. (1991) [14]. The cultures were
grown in nutrient broth and ISP broth supplementit Tryptophan (5mg/ml) and incubated for 4 da9s.5" day
Salkowski reagent (50ml 35% of perchloric acid, 10r8M FeC} solution was added and development of pink
colour indicates the IAA production.

Ammonia production

Bacterial isolates were tested for the productibnammonia in peptone water. Freshly grown cultunesre
inoculated in 10 ml peptone water in each tube inndbated for 48- 72 h at 37. Nessler's reagent (0.5 ml) was
added in each tube. Development of brown to yetloler was a positive test for ammonia productiosi[1

Siderophor e production

Siderophore production efficiency of isolates wasedmined by the method described by Schwyn andais
(1987) [16]. For this, 10 pl pure bacterial cultmgrown in nutrient broth were inoculated to ChroAmirol S
(CAS) agar plate and incubated at 30°C for 4 day®fange color formation around each colony.

HCN production
HCN production was tested according the methodribeExt by Kremer and Souissi (2001) [17]. Discolamatof the
filter paper from orange to brown after incubatieas considered as microbial production of cyani8}.|

Detection of Hydrolytic Enzymes

Chitinase activity

Isolates were screened for chitinase productioncluitin agar plates according to Cherrgnal. (1995) [19].
Chitinase activity was measured with colloidal chés a substrate. The culture broth was centrifueged enzyme
solution 1 ml was added to 1.0 ml of substrate temiy which was made by suspending 1% of colloihatin in
Phosphate buffer (pH 7.0). The mixture was incubaie37°C for 45 minutes and the amount of redusingar
produced in the supernatant was determined by DRtBad [20]. One unit of chitinase activity was defi as the
amount of enzyme that produced 1 pmol of reducirggsper min [21].

Glucanase activity

Glucanasesf( 1,4 andp 1,3) were detected on microcrystalline cellulogel 8Azo-glucan containing plates,
respectively as described by Teathteal.(1982) [26, 22] and Chest al.(1997) [23]. The specific activity of-1, 3-
glucanase was determined by measuring the amourtating sugars liberated using dinitrosalicyledasolution
[20].

Other lytic enzymes

Cellulase, protease and lipase activities wereedesh LB plates, with the respective substrate @dtie, 24, 25].
Aliquots of bacterial culture (10), grown overnight in LB broth, were spot-inoc@dtonto the above mentioned
plates. Plates were incubated for 2-8 days a 23Md formation of a transparent halo zone arohedcblony was
considered as a positive result for enzyme activity

Germination activity in Tomato seeds

The selected bacterial isolates were screened dordegermination percentage in Tomato (Arka vikesger
nursery. Tomato seeds were procured from IIHR, bggmtta, Bangalore. Tomato seeds were Surfacéizeter
with Sodium hypochlorite (3%) and soaked in the tadtures separately for 15 min and sown in thezilsted
cocopeat in protray under nursery conditions armbrded germination percentage off @ay from the date of
sowing.
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RESULTS

From 35 rhizosphereic soil samples 12 actinomyce&@dacterial isolates were isolated. Of thesisplates- B2,
P6, 9P, R exhibited maximum inhibition percentageimst fungal and bacterial phytopathogens (FigyreOn the
basis of biochemical and molecular characterizatibe 4 isolates were identified Bs subtilis, P. aeruginosa,
Streptomyces spp P. fluorescens respectively. The strairB. subtilis, P. aeruginosa were allotted with accession
number as JN861778¢eudomonas aeruginosa strain p6), JN032305Bgcillus subtilis strain B2) by National
Centre for Biotechnology Information (NCBI) GenBank
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Figure 1. Dual plate assay showing theinhibition percentage of the selected isolates against three pathogens

PGPR traits

The isolates showed varied levels of PGPR traitshsas phosphate solubilization, zinc solubilizatidAA,
ammonia, siderophores and HCN production (Table 1).

Phosphate solubilization

Two of the four strains (P6 and R) exerted abfiityphosphate solubilization on Pikovskaya mediuith wifferent
efficacy. Strain P6 showed maximum degree of phatgplsolubilization of 52 %. The phosphate-solulnitiz
activity characterizes the microorganisms withiggbtb produce and release metabolites such anmrgaids that
chelate the cations bound to phosphate, convetttieig into soluble forms [26]. Solubilization of #ifent form of
phosphates and improvement of its availability erés very important treat of plant-associated bectsince

possible increasing of mass and productivity ofcadfure plants. None of the isolates were abledhbilize zinc
phosphate.

IAA production

Auxin is the most investigated hormone among ptaotvth regulators. The most common, best charaerand
physiologically most active auxin in plant is inde8-acetic acid (IAA). IAA is known to stimulate thoa rapid
response (e.g. increased cell elongation) and g-term response (e.g. cell division and differdrdid in plants
[11]. In our study, three bacterial isolates (9P PR) were able to produce indole-3-acetic acidAjl4rowing in

medium without addition of tryptophan. Maximum I|Aproduction was recorded in P6 strain (16pg/ml) as
compared to other isolates.
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Siderophor e production

Microbial Siderophore stimulate the plant growthredily by increasing the availability of iron in ethsoil
surrounding the roots or indirectly by competitivaihibiting the growth of plant pathogens withdefficient iron-
uptake system [27]. Siderophore production wasatedeonly for isolates 9P, P6 and R. Sharma and J28]
showed increasing of shoot and root length as agliiry weights of maize seedlings inoculated widler®phore-
producing strains. Siderophore mediated competitiniron was shown to be major mechanism of antésjic
activity of fluorescent Pseudomonads in the cordgf@ome parasitic fungi, limiting iron availabylito them [29].

HCN production

Ability for hydrogen cyanide synthesis was obserf@dsolates R and P6. Hydrogen cyanide mediatéagmnism
was observed for isolate R and P6 which is in agess to earlier reports [30]. The increased pradaadf HCN by
the efficient strain oP. fluorescens contributed to effective inhibition of mycelial grth of Rhizoctonia solani in
vitro [31] and appears to be a major factor in contradaif-borne disease seudomonas fluorescens CHAO [30].
Three isolates (9P, R and P6) produced both amnasdebiosurfactant. Ammonia production by the plgnatwth
promoting bacteria helps influence plant growthriectly.

Hydrolytic enzymes

Strains R, 9P and B2 showed the presence of chdidhen tested for the presence of other hydrolytrysres
like glucanasef-1, 4;B-1, 3), protease and lipase, 9p BRIshowed positive for all while strain fested positive
for only glucanas€p-1,3) in addition to chitinas&he strain 9p produced relatively high levels otinoase (5.4
U/ml) andf -1, 3-glucanase3(7 U/ml) on 4" day of incubation period. Strain B2 produced Hig¥el of chitinase
(11U/ml) and glucanasel, 4; -1, 3) (30U/ml; 4.9U/ml) on theBday of incubation. The enzyme production
subsequently decreased slightly during the statjophase. One of the possible antifungal mechanisimihe
Streptomyces strain 9p andB. subtilus in this study may be associated with the prodactibextracellular chitinase
and B -1, 3-glucanase enzymeR. produced significant amount of both chitinase gfd 3 glucanases in pure
substrates. Maximum production @f1, 3 glucanases (3.2 U/mL) was on day 1, while imar chitinase
production was on"5day (3.73 U/mL). Moataza (2006) have also regbuaried levels and types of mycolytic
enzymes by differerPseudomonas strains withP. capsici andR. solani. [32]. Proteolytic enzyme production was
detected as formation of a clear zone around tl@gmn skim milk agar medium for three strains; BB and B2.
Strain 9P and B2 also showed lipase activitye present study revealed the production of mymobnzymes viz.
Chitinase,p-1, 3-glucanase$-1,4- glucanase, protease and lipase. Mycolyticymes produced by antagonistic
microorganisms are very important in biocontrohtealogy. There are many reports on production i lgnzymes
by microorganisms [33,34]. Antagonistic mechanisnmiediated by variety of mechanisms. In this presamy,
strain 9p and B2 antagonistic mechanism is by ol of mycolytic enzyme whereas in strain p6 &dhe
antagonistic mechanism is due to siderophore and pi©@duction. Strain p6 and R can also promotetjaowth.
Similar observatiorof antagonistism of chilli phytopathogen by saih§i from chilli rhizosphere was also reported
[35].

Table 1. Lytic enzymes production and Plant growth promotion traits of four isolatesisolated from
rhizospheric soil samples

Hydrolytic enzyme production PGPR traits
< (]
® ? @ ® ] © 5
o @ e 3 @ | £ c <
Bacterial isolates | ¢ S 5 2 g | aN § g 5 S
= o = 9 Qo o s < I E
S = @ & J |3 S 3
%]
B2 + + + + + -
R + + + + + + +
P6 + + + + + +
9 + + + + + - + - - +

Seed germination

Seed inoculation significantly enhanced the tons&ted germination. Inoculation resulted in earlydieg growth
and development. However the rate of enhancemamntdvavith bacterial strains. Seed germination petage
varied from 28 to 71% when compared to the corfffure 2). Similar promotion in growth parametarsl yields
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of various crop plants in response to inoculatioth WwGPR were reported by Shaharoehal. (2006) and Gravel
et al. (2007) [36, 37, 38, 39].
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Figure 2. Effects of seed germination of tomato seedswith bacterial inoculants.
CONCLUSION

This study illustrates the significance of scregnihizobacteria unden vitro conditions for multiple PGPR traits.
Isolate B2, 9Pp6 and Rwith antagonistic again$t. oxysporum, R. Solani, Xanthomonas spp was isolated and the
study further exhibited the diverse antagonisticcinamism exhibited by the strains, with functionabperties
distinctive for plant growth promoting rhizobacteriThese strains may represent precious biologitainative as
single biocontrol agents (BCAs) or as a microbiahsortia for harmful pesticides and chemical fiesils
application in agriculture fields due to crucialermf these rhizobacteria in plant health mainteeaand soil
fertility.
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