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ABSTRACT

Plant growth promoting rhizobacteria (PGPR) exhibit direct and indirect mechanisms as plant growth promoters
and biological control agents. Sponge associated microbes rich in bioactive metabolites. P.fluorescens BCPBMS-1
was isolated from the sponge Callysspongia diffusa . P.fluorescens BCPBMS-1 having antagonistic activity against
Fusarium oxysporum. It was observed by using cross streak method. In blotting paper test more number of seeds
were found to germinate when P. fluorescens was inoculated along with the Fusarium oxysporum, the pathogen.
Out of 50 seeds treated P. fluorescens and Fusarium oxysporum, 48 seeds germinated, 50 seeds treated with F.
oxysporum, only 5 seeds were germinated. The antagonistic effect of P.fluorescens was confirmed also by in vitro.
P.fluorescens also having phosphate solubilizing activity. PGPR activity was remarkable in pot culture experiment.
Seed lings with P.flurorescens grew fastly compared to control. In the present observation pH of the uninoculated P.
fluorescens soil sample was 7.5. while pH of the inoculated P. fluorescenswas 7.1. Available nitrogen was 6.4 mg/g
for uninoculated P. fluorescens soil sample whereas 7.2 mg/g was observed with P. fluorescens inoculated soil.
Available phosphorus was maximum in P. fluorescens inoculated soil 12.0mg/g, whereas in P. fluorescens

uninoculated soil sample available phosphorus content was only 8.0mg/g. These results endorsed P.fluorescens
BCPBMS-1 can be used as biofertilizer.
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INTRODUCTION

Despite the use of available means of plant priatectibout one third of the crops produced arerdgstl by pests
and diseases. The discovery of synthetic chemitass contributed, greatly to the increase of fooadpction by
controlling pests and other disease causing agelotsever, the use of these synthetic chemicalsndutie last few
decades has raised a number of ecological problemecent years, scientists have diverted théeméibn towards
exploring the potential of beneficial microbes, fdant protection measures. Bio-control agentseasy to deliver,
improve plant growth, and activate resistant meigmas in the host, and increase biomass productidryeld. These
antagonists act through various mechanisms likibiasts, secretion of volatile toxic metabolitesygulytic enzymes,
parasitism and through competition for space antdemis. In addition, the present day bio-prodwas be further
improved to obtain disease control to a greatesrext

Application of PGPR either as single strain or am@asortium based on formulations checked pesd@a®hse spread

besides increasing growth and yield. Though bickobrvith PGPR is an acceptable green approacheldpment of
PGPR formulations with increased shelf life andalkgpectrum of action with consistent performanceéeu field
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conditions remain as a challenge even today. Wheore oriented agricultural and horticultural crofazed the
problem of residues, a great potential and demanth€& incorporation of biopesticides in crop potitn emerged. It
facilitated the industries to involve in commergabduction of PGPR.

PGPR with wide scope for commercialization incliidluorescens, P. putida, P. aeruginosa, B. subtilis and other
Bacillus spp The potential PGPR isolates are produced throudjd so liquid fermentation technologies and
formulated using different organic and inorganicriess. They are used for various purposes likal sesatment,
bio-priming, seedling dip, soil application, foligpray, fruit spray, hive insert, sucker treatmeint,. Preparation of
PGPR formulations with many strains mixture perferoetter than individual strains, for the managenoémpest
and diseases of crop plants, in addition to pigmtwth promotion [1].

Plant growth promoting rhizobacteria has diversgliagtions for the management of plant diseasesgiiculture,
horticulture and forestry. In addition, it also ygaa vital role in environmental remediation [2]

Among several PGPR strainsBacillus, an endospore former based products gained momenrftum
commercialization, due to its tolerance to extrerokBabiotic environments such as temperature, mdtigides,
fertilizers etc.,. Hence many different commergiedducts ofBacillus origin were developed in China to mitigate
soilborne fungal diseases [3].

In addition certain PGPR strains also activate dextanoid, shikimate and terpenoid pathways, whictuin alter
the production of volatiles in the host plant leedto the attraction of natural enemies (6). Idariion of entomo
pathogenic PGPR strains that have the capabilipptonize phylloplane in a stable manner will bereakthrough
in the management of foliar pests [4]. Since PGRR its own potentiality in plant disease and pesbagement,
several products have been registered for theipahcse of farming community.

MATERIALS AND METHODS

Isolation of P.fluorescens and identification

The spongeCallysspongia diffusa was collected from Mandappam Coast, TamilNadu,lndiae sample soon after
collection was transferred to a sterile polyethgldrag and transported at 4°c to the laboratoryhferisolation of
associated microbes. On reaching the laboratowy, itlvertebrate was brought to room temperature eutd
aseptically into small pieces (2 x 2 cm) usingexilg scissors . The pieces were freed from adpgrarticles by
vortexing twice for 20 sec. with 2 ml of sterileaseater. The seawater was decanted, which was gade eplaced
with sterile seawater with continued vortexing betw washings. Finally, sample in sterile seawates w
homogenized using sterilized mortar and pestleliarainar flow chamber. The homogenate was serifilited up
to 10° dilutions and then spread plated on Kirgsagar Peptone-.20.0 g, Glycerol.-10.0 mL, Dipdtass
phosphate-1.5g, MgseH,o0.1 54, Agar-159,50% Sea water-1000ml) agar plates. Theegphaere incubated at room
temperature for 24-48 hrs. Then strain was idetifiy Biochemical Method and 16 s Partial sequencin

In vitro test

The efficacy of antagonistic activity dPseudomonas fluorescens was tested by cross streak method 5]
fluorescens strain was streaked at one side of petridish (levayafrom the edge) containing PDA medium.
Fusarium oxysporum, a plant pathogen was streaked on the oppositeisithe petridish perpendicular to tRe
fluorescens streak and plates were incubated at room temper&duB to7 days.

Blotting paper test

The antagonistic effect oP. fluorescens was tested by paper towel (blotter) method, toessts effect on
germination of the seeds. 50 seeds were first sbakéhe 15 ml of F. oxysporum (1.3x10 cfu/ml) in a
Potato dextrose broth then soaked with suspensitteo 5 ml ofP.fluorescens (1.0x1Gcfu/ml) , rolled in moist
blotter and incubated at room temperature for 2 days. The seeds soaked onlyiroxysporum suspension served
ascontrol [6].

Sterilization of soil

10 kg of soil samples were collected from agriedtlands of Keezhamoongiladi village, Cuddalorstritt,
TamilNadu, India. Soil sample was sterilized inaartoclave at 12C for 1hr.
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Test tube experiment

The antagonistic effect d¥.fluorescens was tested in test tube, to check their effecg@mination of green gram
seeds. 5 g of sterile soil was taken in 3 tubesseils were first soaked in the 3 ml suspensidh okysporum
(1.3x10 cfu/ml) in a Potato dextrose broth, then soaked with 1 uspension of théseudomonas fluorescens
(1.0x1Gcfu/ml) , seeds were inoculated to tubes and incubated éarys. The seeds soaked onlyFiroxysporum
and untreated seeds were inoculated to separateltes [6].

Phosphate solubilizing activity ofP. fluorescens

Phosphate solubilizing activity was observed bygd$tikovskaya's Agar(Glucose -1.000 g, Calcium
phosphate-5.000g, Ammonium sulphate-0.500g, Potass$iloride-0.200g, Manganese sulphate-0.100g,
Magnesium sulphate-0.100g, Ferrous sulphate-0.Q08Jayr-15.00g, 50% sea water- 1000ml, pHO).

Pikovskaya's agar was sterilized and poured intoptete, strain was streaked and the plate washiated at room
temperature for 48-96 hrs. Phosphate solubilizaties indicated by the formation of a clear zoneuadothe strain

[5].

P. fluorescens in plant growth promotion

Pot culture experiment

3 kg of sterile soil was mixed with 10 ml of 24 tmsiture ofP. fluorescens containing 5.6 x 1%&fu/ml mixed with
90 ml of water. 50 seeds were inoculated in potaiomg with P fluorescens anduninoculatedP. fluorescens soil
incubated for 7 days [7].

Soil analysis
pH of the samples was observed by pidter (Eutech instrument). Soil samples were apdlysr nutrients like
nitrogen and phosphorus following the procedurgsrgbelow.

Estimation of soil available nitrogen (Alkaline-pemanganate method)
Available nitrogen was estimated for plant growjmot soil containing both inoculated with fluorescens and
uninoculated soil and sterile soil (withdafluorescens and seeds)

A quantity of 4 g soil sample was placed in a 500flat bottom flask, and 20ml of 0.32% KMnQ®olution and
20ml of 2.5% NaOH solution were added. The flasls wren connected to the distillation unit and 5@ithe
distillate was collected in 5 ml of boric-acid inditor mixture. The absorbed ammonia was titrateti @iO0O5N
H,SO, to determine the amount of available nitrogen [8].

Estimation of available phosphorus

Available phosphorus was estimated in plant growpa soil samples containing both inoculated wih
fluorescens ,uninoculated and sterile soil ( withoBtfluorescens and seeds)Phosphorus content of the soil was
estimated [9].

Reagent A was prepared as follows:

12.0 g of ammonium molybdate was added to 250 nadeddnized water, whereas 0.291 g of antimony saias
tartrate was added to 100 ml of deionized watesejparate flasks and both solutions were addednteul,000 mi

of 5.76 N HSG,, It was made up to 2,000 ml and labeled as rea@jeReagent B was prepared by dissolving
1.056g of ascorbic acid in 200 ml of reagent A arad prepared as fresh every time. 3.0 g of soil mixed with
9.0 ml of deionized water, to which 3.0 ml of ReeigB was added .OD was taken at 882 nm after 1G.min
Phosphorus concentration for blank and unknown &ssnweas calculated from standard curve [9].

RESULTS
Isolated potent strain was identified Pseudomonas fluorescens by both biochemical and 16sr- DNA sequencing.

In the present study Phylogenetic tree revealetl Rhdluorescens BCPBMS-1(bioactive compound producing
bacteriawhich was isolated from marine spor@allyspongia diffusa was submitted to NCBI.
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In the present study the growth of the fungus waghited when it grew towards the bacterial colomyPDA. The
clear zone was observed after 6 days of incubatibith indicated the antagonistic activity Bseudomonas
fluorescens (Figure.1).

Figure:1 Antagonistic activity of P.fluorescens againstFusarium oxysporum

Regarding blotting paper test more number of seeste found to germinate whétseudomonas fluorescence was
inoculated along with thEusarium oxysporum, the pathogerOut of 50 seeds treat&eudomonas fluorescens and
Fusarium oxysporum, 48 seeds germinated (i.e) 96% germination was wedeOn the contrary, of 50 seeds treated
with F. oxysporum, only 5seeds (i.e) 10%vere germinated (Figure.2).

Figure: 2 Blotting paper test A-Infected with F. oxysporum
B- Seeds treated withP. fluorescence and F. oxysporum

In the present study, out of 10 infected seeds ong/seed germinated and after 7 days 3.5 cnaaf growth was
observed in it. On the other hand out of the 1late@ seeds, four germinated. The plant growth wasreed to be
13 cm. In control all the 10 seeds germinated hectant growth was 19 c(figure: 3).
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A B C

Figure:3 Test tube study A — Control, B -P. fluorescens and F. oxysporum treated green gram ,C +. oxysporum infected green gram

In the present study phosphate solubilizing agtiwias observed in the presence of zone aroundofbaycof about
3mm (Figure: 4)

Figure:4 Phosphate solubilizing activity ofP. fluorescens

In the present study, results showed that gream geed sowed in the soil inoculated witifiuorescens hasshown
more growth in 10 days compared to the seed somwttkisoil withouP. fluorescensin the same period (Figure:5).

Figure:5 Pot culture experiment A- Green gram seedtgs in P fluorescensinoculated soil, B- Green gram seedlings withou®.
fluorescensinoculated soil
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In the present study pbff the uninoculated. fluorescens soil sample was 7.5. while pH of the inoculated
fluorescens was 7.1. In sterile soil (withowR.fluorescens and seeds) pH was 7.5(Figure.6).In the presemty stu
available nitrogen was 6.4 mg/g for uninoculaedluorescens soil sample whereas 7.2 mg/g was observedRyith
fluorescens inoculated soil.In sterile soil (withoul.fluorescens and seeds) available nitrogen was 6.4 mg/g
(Figure.7). Available phosphorus was maximunmPinfluorescens inoculated soil (i.e.,) 12.0mg/g, whereasHn
fluorescens uninoculated soil sample available phosphorus ctntes only 8.0mg/g. In control it was 6.0 mg/g
(Figure:8).
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DISCUSSION

The clear zone was observed after 6 days of incubatdicating the antagonistic activity Bf fluorescens against

F. oxysporum. Kumaret al. [10] confirmed thaP. fluorescens had a strong antifungal activity agaifstoxysporum
mainly by the production of the antifungal metatesli Karkachiet al. [11] also observed th&.fluorescens had
activity againsfusarium oxysporum f.sp.lycopersici.In the present study blotting papsperiment was carried out
to confirm the direct effect of antagonistic orgamion pathogenic microbe. In this,out of 50 seeelstéd with

P. fluoresces andF. oxysporum 48 seeds germinated ( i.e) 96% germination wasreedeOut of 50 seeds treated
with Fusarium oxysporum only 5 seeds (i.e) 10%vere germinated and in test tube experiment sherajth of
seedlings grown from seeds treated viAtHluorescens andF. oxysporum was 13 cm. The shoot length of seedlings
grown from seeds infected withoxysporumwas only 3.5 cm. In control plattie shoot length was 20cm.
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This study proved the growth promoting as well asease controling ability oPseudomonas fluorescens.
Fluorescent pigments producing Pseudomonads angrkim have a significant role in the suppressiorfunigal
pathogens, apparently via the production of ang@inrmetabolites such as phenazine-1-carboxylatg [R,.24-
diacteyl phloroglucinol [13].FluorescenPseudomonas GRC2 isolates from potato rhizosphere [14] and
Pseudomonas chlororaphis SRB 127 from sorghum rhizosphere [15] showed stinmtggonistic activity again$.
phaseolina, a charcoal rot pathogen of peanut and sorghuris.ehal.[6] reported the use dfrichoderma viridi and
Paecilomyces variotii in enhanced germination of sunflower seeds. Thikelyirecognized mechanism of biocontrol
mediated by PGPB are competition for an ecologigathe or a substrate, production of inhibitory lalidemicals,
and induction of systemic resistance (ISR) in ptaits to a broad spectrum of pathogens [16, 17RI8ht growth
promoting bacteria includingseudomonas spp. have been reported to stimulate the developofelnealthy root
system [19] and rapid root colonization by benefibacteria [20].

In the present study, green gram seed sowed isdihénoculated withP fluorescens hadshown more growth in 10
days compared to the seed sowed in the soil witRofitiorescens in the same period. This study proved the plant
growth promoting effect oP. fluorescens. Ardakaniet al. [21] observed that bioformulations using two &eb of

P. fluorescens Qg (B;) and CKK-3 (B) which were isolated from rhizosphere soil anda@otroots in Varamin's
cotton fields increased seedling height compardtdgaontrol

Plant growth-promoting bacteria, isolated from dsizhere soils, stimulate growth directly by nitnodieation [17].
Plant growth promoting rhizobacteria (PGPR) hasotential role in developing sustainable systems diap
production.Sharmaet al. [22] observed thaP. fluorescens was more effective in increasing seed germinat®n a
well as seedling growth thaB. megaterium. Pseudomonas spp. enhanced the number of nodules, dry weight of
nodules, yield components, grain yield, nutrierdikability and uptake in soybean crop [23].

In the present study phosphate solubilizing agtivias observed in the presence of zone aroun®.tfeorescens
strain. Promod and Dhevendaran[24] studied thetwytof Bacillus spp. andVibrio spp, Pseudomonas spp to
solubilize the phosphate which was isolated fromwsger and marine sediments. Terrestrial PSB Bke
amyloliquefaciens have been used together with ectomycorrhizal fdiaginoculation of Douglas fir seedlings to
promote their growth [25]. Ramachandran [26] repaithe phosphate solubilizing activity Béeudomonas spp and
Azospirillum spp. isolated from rhizosphere soil sample of blaegper. Kenenét al [27] isolated and identified
based on phenotypic character$?asudomonas spp Anb-105, Meh-008, Meh-101, Meh-303 and Meh-305.

In the present study pH of the uninoculatedfluorescens soil sample was 7.5. while péf the inoculatedP.
fluorescens was 7.1. In the present study available nitrogers wa mg/g in uninoculate®. fluorescens soil
whereas 7.2 mg/g was observed withfluorescens inoculated soil. Available phosphorus was maximumPi
fluorescens inoculated soil (12.0mg/g) and in uninoculatedfluorescens soil it was only 8.0mg/g. Rodelas al.
[28] observed that mixed inoculation &ficia faba L. with four different PGPR strains changed thealtot
accumulation, concentration and distribution of #macro-and micronutrients. Shamsuddinal. [29] found
increased amounts of P and K uptake in bananaspiaatulated with PGPR and also combined inocuiatibA.
brasilense and the phosphate-solubilizing bactéPseudomonas grown sorghum field significantly increased grain
weight. Hatayamat al. [30] isolated the nitrogen-fixing bacterium, dgsted strain 6H33bT, was isolated from a
compost pile in Japan it was identifiedRiazotifigens. Arturssonet al. [31] reported that free-living P-solubilizing
bacteria release phosphate ions from sparing solibinorganic and organic P compounds in soil dreteby
contribute to an increased soil phosphate poolalai for the plant.

Microorganisms with phosphate solubilizing potehtiarease the availability of soluble phosphatd anhance the
plant growth by improving biological nitrogen fixat [32,33]. Azospirillum and rhizobacterial inoculation
increased the photosynthetic rate of oil palm segdl [34]. Phosphate-solubilizing microorganismanesrt
insoluble phosphates into soluble forms through ghecess of acidification, chelation, exchange tieas and
production of gluconic acid [35]. Liet al. [36] proved that two beneficial agerBscillus subtilis SY1 and P.
fluorescens W1 can beused to improved soil physical and chemical pragerand fertility, promote soil nutrient
content and accelerate the plant growlihe inoculation of groundnut with PGPR likBacillus spp. and
Pseudomonas spp.enhanced the growth, nodulation and yield [37]. Tdwults of the present study also proved the
same.
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CONCLUSION

The isolation of PGPR from the marine environmergronew doors to design strategies for improviregetiicacy

of biocontrol agents. Manygears of continuous farming practices in agricdtsoil damage the soil health. The soil-
borne pathogens and the deadly chemical resideesvarserious problems of soil pollution which aff¢he yield
and quality of agricultural products. Ecologicatnediation of soil is an effective way to resolvesa problems and
maintain the sustainable development of agriculttrem the above observatioRs fluorescens seems to be an
ideal candidate to be used to improve the ecosyitantion and reduce the disease occurrence.
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