Available online at www.pelagiar esear chlibrary.com

ant Se;
;\?\ 1{0

4 ~ %
4 ~ ) ) c? ?9
' KR Pelagia Research Library £ =
Asian Journal of Plant Science and Resear ch, 2012, 2 (1):16-24 o ALl ;I“
% .
&
. Pelagia Research
Library lerary

ISSN : 2249-7412
CODEN (USA): AJPSKY

Chitinolytic and secondary metabolite producing Pseudomonas
fluorescensisolated from Solanaceae r hizospher e effective against
broad spectrum fungal phytopathogens

Ramyasmruthi S, Pallavi O, Pallavi S, Tilak K and Srividya S.

Department of Microbiology, Centre for PG Studigsin University, Bangalore

ABSTRACT

18 Bacterial isolates were isolated from the Rhphese of Solanaceae family namely brinjal, capsicanilli and
screened for the production of chitinase enzym&al 6 10/18 isolates were the most potent chititio bacterial
species. Of these, 6 isolates showing zone sizam @ere chosen for further studies. These isoklEs showed
varied levels of PGPR traits —siderophore, HCN, gfttate solubilisation and IAA. Dual plate assay ingafew
selected soil borne phytopathogens- Alternaria ratita OTA36; Alternaria brassicola OCAL; Alternaria
brassiceae OCA3; Collectotrichum gleosporidose O@&/kaled broad spectrum anti-fungal activity bglage R.
The isolate R was identified as Pseudomonas fleeres by biochemical test. Concurrent production of
siderophore, IAA, HCN, phosphate solubilisation,;MiHd catalase coupled with anti-fungal activity segg the
plant growth promotion and broad spectrum biocohfyotential of this isolate. Seed bacterizationcbfili seeds
with Pseudomonas treatment showed 100% germinatiiex and almost 50% reduction in disease inciddnc€.
gloeosporiodes OGCL1 suggesting both the biocomindl PGPR aspect of the bacteria.

Keywords: Pseudomonas fluorescemitinolytic, antagonism, PGPR traits, seed brézdgon.

INTRODUCTION

The diversity and beneficial activity of the plargdberial association and its understanding is itambrto sustain
agro-ecosystems for sustainable crop productiondéyeral bacteria thrive on abundant nutrientbérhizosphere
and some of these possess antagonistic actionhveiifeguard plants from pathogens and stimulateitbr?].
Biological control of plant diseases using antagtimimicroorganisms offers a highly effective, emical and
environmental friendly alternative to the use oftkgtic pesticides [3]. The mode of action of thagonistic
organisms against various soil-borne plant pathisgumgi, include biosynthesis of antibiotics, puation of
hydrolytic enzymes [4], production siderophore ammmpetition for substrates. Successful bacterighgonists
often show a synergistic combination of mechanisesponsible for a successful antifungal interactflnorescent
pseudomonadsP§eudomonas fluorescenB. aeruginosaP. putidg and closely related species are important
antagonistic bacteria present in soil [5]. Somé¢heffluorescent pseudomonads have currently redeiveld-wide
attention due to the production of a wide rangamtffungal compounds viz., fluorescent pigmentdeiphores,
volatile compounds such as hydrocyanic acid (H@Njibiotics and lytic enzymes. Lytic enzymes (ctate $-1,3-
glucanase, protease) are responsible for the bysik hyperparasitism of antagonists against deteterfungal
pathogens. In these mechanisms, chftif,3-glucan and protein components of the fungliveall are digested by
these extracellular enzymes. Such bacterial stitznwe been implicated in the inhibition of planthmagenic fungi
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and deleterious rhizobacteria with a significamtr@ase in root colonization and plant growth. Tregsgbutes make
fluorescent pseudomonads as the effective biodoagents [6-8].

The Solanaceae represent the third most econognicaortant plant taxon, and the most valuableeinms of
vegetable crops with agricultural utility [9], regzenting for more than 3000 species, includingttiver-bearing
potato, a number of fruit-bearing vegetables (tmnaggplant, peppers), ornamental plants (petuiNaxtiana),
plants with edible leaves and medicinal plants.

Colletotrichumis one of the most important plant pathogens wadd causing the economically important disease
anthracnose in a wide range of hosts includingaterdegumes, vegetables, perennial crops andfrinée [10].
Among these hosts, chilliC@psicumspp.), an important economic crop worldwide [1i%]severely infected by
anthracnose which may cause yield losses of u®%. However, some of the other fungal diseasesl|éaat to
wilting in chili are Phytophthora root rot, Verti@im wilt, Rhizoctonia root rot, and Fusarium wilt

The present study demonstrates the abilitl?.6fiorescenso produce lytic enzymes and secondary metabadlitss
serve as biochemical weapons against broad spedfsolanaceae fungal phytopathogens. The proteetfect

provided by the selected strain on chilli seeddlehged withColletotrichum gloeosporoideshen inoculated on
seeds is also demonstrated. Since chilli cropdeaireg massively produced, this study may favourablytribute to

the development of alternative and sustainabléi gimdduction practices.

MATERIALSAND METHODS

I solation of rhizospheric bacteria

Bacteria were isolated from solanaceae rhizosprils like brinjal, capsicum and chilli grown in Bgalore and
Assam by soil dilution method. The different isektobtained on nutrient agar were screened foinak#é
production on chitin agar plates according to [T}je isolate was routinely maintained on nutriggaraslants at
4°C. Colloidal chitin was prepared as describedisy.

Characterization of Pseudomonas isolates
Identification of the selecteB'seudomonasvas carried out by Biochemical test (Oxidase, Airgg and Gelatin
Liquifaction).

Detection of Hydrolytic Enzymes

Chitinase activity was measured according to Clmeehial. [12], protease activity according to Betal. [14], and
cellulolytic activity on microcrystalline celluloseontaining plates as described by Teather etl8]. Lipasewas
detected qualitatively by fluorescence caused byfdltty acid released due to the action of lipaselive oil, based
on interaction of Rhodamine B with fatty acid eded during the enzyme hydrolysis of olive oil [16]

Detection of secondary metabolites
Siderophore Production Siderophore production was tested by growiRgeudomonassp. in the universal
siderophore detection medium CAS agar [17].

Detection of the Phosphate Solubilizing Activity Phosphate solubilizing activity was assessed orstyestract
dextrose-CaHPQagar plates by measuring the clear zone surrogrtie developed bacterial colony, after 7 days
of incubation at 3@ [18].

HCN Production and catalase Hydrogen cyanide production was assayed by the adethggested by Castric
(1977) [19]. For catalase detection, bacterialurel were grown in a nutrient agar medium for 1812t 3612 °C.
The cultures were mixed with appropriate amourttigfd, on a glass slide to observe the evolution of oryge

I AA production

Bacterial cultures were grown for 48 h on theipexgive media at 3612 °C. Fully grown cultures weeetrifuged
at 3000 rpm for 30 min. The supernatant (2 ml) waeed with two drops of orthophosphoric acid anchMof the
Salkowski reagent (50 ml, 35% of perchloric acienl10.5 M FeC{ solution). Development of pink colour indicates
IAA production [20].
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Detection of ammonia

Bacterial isolates were tested for the productibrammonia in peptone water. Freshly grown cultunese
inoculated in 10 ml peptone water in each tubeinodbated for 48—72 h at  36%2 °C. Nessler'gjesd (0.5 ml)
was added in each tube. Development of brown towetolor was a positive test for ammonia produt{i@1].

Phytopathogens and chilli seeds

The following four phytopathogens obtained as alkgift from [IHR, Hessarghatta, Bangalore, weredusethe
study: OCA 1- Alternaria brassisicolaOCA 3- Alternaria brassica€)TA36:- Alternaria alternata,0GC 1-
Colletotrichum gleosporioides98-01- Phytophthora capsiciRemaining phytopathogens were obtained from
MTCC Chandigarh.MTCC 4633- Rhizoctonia solaniMTCC 1755- Fusarium oxysporumChilli seeds (Arka
Swetha) was obtained as a kind gift from [IHR, Hghata, Bangalore.

Antifungal assay

The antagonistic activity of select®deudomonaisolate against seven phytopathogens was studiedidglyculture
test. A loopful of 48-h-old culture was spotted one side of a PDA plate and 6 mm disc of pre grown
phytopathogenic fungi inoculated on the other sifi¢he plate. The antibiosis of the selected s¢raigainst the
fungal pathogens were recorded in terms of diamefteione of inhibition after every 24 h at 28°C tap5 days.
Three replicates of each set were taken. The myuwetif Colletotrichum gloeosporoidesvas taken from the zone
of inhibition for periodic microscopic examinatiof2].

Seed bacterization

Germination efficiency and antagonism against flnpdant pathogens was checked on chilli serdsitro. The
water agar plates were seeded with the following:-

Set 1- Seed control-plain seeds were coated withoggt methyl cellulose (CMC)

Set 2- Seed coated with CMC ar@olletotrichumspores

Set 3- Seed coated with CMC and isolate R

Set 4 -Seed coated with ba@iolletotrichumand isolate R

Chilli seeds were surface sterilized successivélij sterile distilled water and 0.1% HgCI'o remove the residual
HgCl, the seeds were washed with sterile distilled wdtke isolate was inoculated into Nutrient Broth medand
incubated for 24h at 37°CColletotrichum was inoculated onto PDA plates and incubated at 28f 3-4 days.
Upon growth of the culture, for set@lletotrichumspore suspension was coated. For set 3 the bitithswslate
was coated. Similarly for set 4 the CMC coatedissere coated witiColletotrichumand isolate (R). The above
three sets of treated seeds were seeded onto 186 agar plates. Plain CMC coated seeds on watenage used
as control. The four sets were monitored reguléolty germination and growth. After one week, thessakre
observed for germination and biocontrol agair@blletotrichum coated seeds by the isolate.

RESULTSAND DISCUSSION

I solation of chitinase positive bacteria

Detection of chitin-degrading bacteria from natusalirces such as rhizosphere soil is useful inigbkation of
bacteria that produce antifungal or other novel poamds. A high correlation between chitinolysis amdduction
of bioactive compounds has been reported [23-26].

In this study, 18 bacterial isolates were isolafemin the Rhizosphere of Solanaceae family namelgjdr

capsicum, chilli and screened for the productiochifinase enzyme. Total of 10 isolates (55.5%%)e the most
potent chitinolytic bacterial species. Of thesés@ates showing zone size > 5 mm were chosernuftihdr studies.
Screening of chitinolytic bacteria isolates wasriedr out by spread inocula of each colony on plata#taining a
minimal salt medium with colloidal chitin as a satarbon and energy source. The chitin degradingrosm

formed colonies of 1-2 mm in diameter, surroundgd diear zones indicating chitinase activity. Miciab
chitinolytic enzymes have been considered imporitanhe biological control of many plant pathogdresause of
their ability to degrade fungal cell walls [27]a# 1 shows chtinolytic isolate R on chitin agatel
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Plate 1 showing chitinolytic isolate R.

Screening for Potential Biocontrol agents against Phytopathogens

Isolate R was found to be an efficient antagorgstirsst all the four phytopathogens tesitedual culture technique
(Fig. 1) while none of the other isolates foundoééht. Isolate R on co-inoculation with fungal pagens showed
maximum inhibition for phytopathogens in the orde&®ollectotrichum gleosporioideg58.3%), Alternaria
brassicola(50%), Alternaria brassicead12.5%), Alternaria alternate(16.66%),Fusarium oxysporung14.28%),

Rhizoctonia solanf50%) andPhytophthora(15%).

Fig.1. Antagonism of R v/sphytopathogens determined in termsof % inhibition.
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Results are the mean of 05 replicates + SD. Inmwls, values with the same letters are not sigmifigadifferent (P
< 0.05 Duncan test)

I dentification and characterization of isolate R
Considering the broad spectrum antifungal poterdfalsolate R, it was used for further studies. Taeterial

antagonist R was gram negative, rod shaped andupeddyellowish green pigment on King’s B mediumaldo
showed gelatin liquification, was oxidase and argindihydrolase positive (Plate 2) and hence wastified as

P.fluorescen$28].
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Plate 2: Biochemical characterization of isolate R

Frommel and Pazos (1993) [29] screeiredtitro a number of bacterial spp. that inhibited the giowaf 11 fungal
pathogens, and they found thBseudomonas fluorescenB. putida Erwinia herbicola Clavibacter sp. and
Xanthomonasp. reduced the disease incidence causdelbgriumsp. andPythiumsp.Fluorescent pseudomonas
are effective candidates for biological control sil borne plant pathogens owing to their versatitgure,
rhizosphere competence and multiple modes of atésides being endophytic in the plant system dintyblack
pepper [23, 30-32].

Determination of PGPR traits & In vitro characterizations of the biocontrol mechanism of isolate R

Many species and specific strains of bacteria megiéh rhizosphere have been shown to possess pglamith

promoting traits and hence they are collectivelgigieated as plant growth promoting rhizobacteri@®R) [33].

PGPR enhance plant productivity by a range of diiedirect mechanisms. These beneficial effect®GPR can
be either direct or indirect. Direct promotion abgth by PGPR occurs when the rhizobacteria prodoegbolites
that promote plant growth such as auxins [34], kiyios [35] and gibberellins [36,37] as well asdigh the

solubilization of phosphate minerals [38]. Indirgcowth promotion occurs through the eliminatiorpathogens by
the production of cyanide [39] and siderophof®&PR beneficial effects have been exploited in mamas
including biofertilizers, microbial rhizoremediati@nd biopesticides [40].
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Plate 3: Detection of the various PGPR traitsof isolate R.

CATALASE TEST

The isolate R when screened for the PGPR traitwastigositive for all the traits — IAA, siderophoHCN and PQ
solubilization which may promote plant growth ditgor indirectly or synergisticallyTo investigate the biocontrol
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mechanism, the isolate R was tested for producaifoNon-volatile diffusible antibiotic, productionf t1CN, and
siderophore. Roroduced non-volatile diffusible antibiotic, HCN dasiderophore all of which could be exhibiting
varied levels of antagonism on the seven phytopgthe tested (Table 2; Plate 3).

Table 1. Detection of PGPR traitsby theisolates

ISOLATES SIDEROPHORES |AA HCN PRODUCTION PO, SOLUBILIZATION

- + -
+ +

+ +

DO UT—mO

=+
+

The finding of multiple PGP activities among PGR&e been reported by some other workers [41].R feolate
also produced ammonia and catalase. Ammonia ptioduby the PGPB helps influence plant growth riedily.
Bacterial strains showing catalase activity mushiigly resistant to environmental, mechanical enemical stress
[42].

Biological control of plant pathogens and deletasionicrobes, through the production of antibiotlgdc enzyme,
hydrogen cyanide and siderophore or through comnpetfor nutrient and space can significantly imgFglant
health and promote growth by increasing of seedimgrgence, vigor and yield [43].

Seed bacterization

Treatment of the chilli seeds with pseudomonasr&rsshowed 100% germination index similar to uettee (Fig
2). The treatment of the seed with co-inoculatibthe pathogen with R showed 50% reduction in saedality by
the treatment as compared to the seed treatedpaitiogen alone. This treatment also showed 100%igation
index suggesting both the biocontrol and PGPR asydehe bacteria.
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Fig.2. Effect of seed bacterization of chilli seedswith R and Colletotrichum gloeosporoides (OGC 1) on
germination and biocontrol

Rakh et al., 2001 [44] reported the percent disease control tduBseudomonas cf. monteilii eated seeds
compared to the untreated check (Positive conttol)pe in range from 45.45 to 66.67%. These reswmése
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somewhat similar to that got by Kishoet al., 2005 [45] where groundnut seed endophy®seudomonas
aeruginosaGSE 18and GSE 1%educed the seedling mortality by 54% and 58%, @eg to the control. Our
observations also comply with these reports. Theesreports of antagonistism of chilli phytopathodgyhtium
debaryanunby soil fungi from chilli rhizosphere [46].

Many investigators have suggested the rhizospheriteriaPseudomonaspp. as very interesting sources for the
identification of antimicrobial compounds and thgiactical use as biopesticides [47,48, 49].

CONCLUSION

Our study has identifiedP.fluorescensstrain possessing multiple mechanism of broadtspmcantagonism and
PGP activities which can be explored as one anteadpest biocontrol agent against Solanaceae patjiogens.
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