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ABSTRACT

Free-living soil bacteria beneficial to plant grdwtusually referred to as plant growth promotingzdbacteria
(PGPR), are capable of promoting plant growth blooing the plant root. Strain ML3 was obtainedrfr a weed
rhizosphere soil sample collected from village Ladof Hisar on nitrogen-free Malate medium. The asslhad
Gram positive rod shaped cells. Parameters assesseid indoleacetic acid (IAA) production, phosphate
solubilization, ammonia excretion and siderophofe-(Il chelating agent) production. The results sied that
isolate ML3 produced IAA and ammonia in the rangel™.72 and 0.66 pg fhirespectively. ML3 exhibited
positive siderophore production and it was alsoealib efficiently solubilise tricalcium phosphateheTl key
functional nitrogenase gene nifH was detected raistML3. Partial 16S rRNA gene sequencing idesdifstrain
ML3 as Bacillus licheniformis which was confirmeg Inorphological and biochemical characterization.
Possession of plant growth promoting traits make3ML promising strain to be developed as multifiorei
biofertilizer.
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INTRODUCTION

Rhizobacteria that exert beneficial effects on dhowand development of plants are termed as plamivtgr

promoting rhizobacteria (PGPR) [1]. The term rhiacteria is used for bacteria that aggressively riao the
rhizosphere [2]. Although the mechanisms by whiGPR promote plant growth are not yet fully undesdtanany
different traits of these bacteria are respondibteplant growth promoting activities [3]. Biofdiiers play a very
significant role in improving soil fertility by fiag atmospheric nitrogen, both, in association vpitéint roots and
without it, solubilise insoluble soil phosphatesi gsroduces plant growth substances in the soily®re in fact
being promoted to harvest the naturally availalilimlogical system of nutrient mobilization. The eoknd
importance of biofertilizers in sustainable cropguction has been reviewed by several authors. Noagriculture
is heavily dependent on the application of chempesticides for disease control. Due to the corsceegarding
both human health and environmental protectionijable alternatives to these chemicals aradsbught [4].
The interest in the use of biological approacheseptace hazardous pesticides in fertilizing soilsmprove plant
resistance against phytopathogens is steadily gaiwbdrldwide acceptance. In this regard, the usglaft growth
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promoting rhizobacteria (PGPR) has depicted pakriti developing sustainable agricultural systems drop
production and protection [5,6]. The study of rastociated bacteria and their potential is imponta only for
understanding their ecological role in the rhizaseh and the interaction with plants but also fornyna
biotechnological applications [7]. For exampleasts from the genuBacillus have been shown to enhance the
growth of agricultural crops, wild plants, treesdamodel plants, through different mechanisms ohiplgrowth-
promotion [8,9,10,11,12]. Enhancement of plant gholay root-colonizingBacillus sp. is well documented [13,14].
Studies reveal thaBacillus species are among the most prominent bacteriadféartolonize plants root and soil
populations [15].Bacillus sp. may protect plants against pathogen by promuadf iron chelators such as
Siderophores [16]. Promotion of plant growth Bgcillus sp. [17] includes production of bacterial phytahones
and/or the solubilization of mineral phosphates, 188 and an ubiquitous presence in rhizosphere. [8]such,
keeping in view the aforementioned constrains, pihesent study was designed to isolate and chaizxter
rhizospheridBacillusisolate for its multiple plant growth promoting idies under in vitro conditions such as I1AA
production, Siderophore production, ammonia exaretiitrogen fixation and P- solubilisation.

MATERIALS AND METHODS

Physiochemical analysis of rhizospheric soil samphknd isolation of bacteria

Rhizosphere soil sample was collected from weed/grio saline fields of Ladwa. The soil sample waalgsed for
physiochemical parameters such as EC, pH, organioté@l N and available P. Bacterial cultures wisaated
using serial dilution method with Malate’s mediutatps [21] which contained in g/L; Sodium malateDf5Yeast
extract (0.2) K,HPQ, (0.2), KH,PQ, (0.8), MgSQ,.7H,O (0.2), NaCl (0.1)CaCl (0.02), FeCk (0.02), NaMoO,
(0.004),Agar (20.0).

Measurement of IAA

IAA was quantified by the method of Pattand Glick [22]. The isolates were cultured iasks containing
10 ml of nutrient broth supplemented with tryptaph(L-Trp) 0.2 mM and incubated at room tempera(25 to
28° C) for 48 h. The cultures were then centefilidor 15 min at 10,000 rpm. Each 2 ml of the soatmt was
mixed with 2 ml of Salkowski's reagent (150 mj$0,, 250 ml distilled water, 7.5 ml FeCI3.6H20 04 and
incubated at room temperature for 30 min. Thesgmee of IAA was determined by the developmei pink
color and the IAA concentration was measuspéctroscopically at 520 nm.

Phosphate solubilization

Solubilization of tri-calcium phosphate wastedted in Pikovskaya’'s Agar [23]. Each isolates spotted on
the surface of Pikovskaya agar medium and phosglohibilizing activity was estimated after 1 to&yd of
incubation at room temperature. Phosphate solaliiz activity was determined by the developmerthefclear
zone around bacterial colony.

Siderophore production

Siderophore production was tested qualitativedyng chrome azurol S medium (CAS-mediumj].[ZEach
isolate was streaked on the surface of G&&r medium and incubated at room temperdirel to 3
days. Siderophore production was indicated bygedralos around the colonies after the incubation.

Ammonia excretion

For ammonia excretion, freshly grown culture waxcirated in 5 ml sterilized peptone water contajribes and
incubated at 28¥°C for 4 days at stationary conditions. After 4 dayse ml of Nessler's reagent was added to
peptone water and shaked thoroughly. Culture Hh&ml) from this tube was centrifuged at 12000 fior 15
min. Supernatant was taken in a cuvette and absoeb&as measured at 450 nm in a spectrophoton2&gr [

Genomic DNA extraction andnif H gene amplification

Whole cell genomic DNA was extracted by CTAB metl2€é]. The amplification ohif H was performed by the
method of Sarita et al. [27] using primerigH for (5'- TAY GGN AAR GGN GGHATY GGY ATC- 3’) anchifH

rev (5-ATR TTR TTN GCN GCR TAV ABB GCC ATC AT-3")The PCR reaction mixture (25 ul) contained 0.5
ul of dNTP mixture (10 mM), 0.5 pl of Tagq DNA polgrase (3U i), 10X PCR assay buffer with 25 mM MgCl
(2.5 pl), 2 pl of each primer (10 pmol each), 2grhplate DNA (0.1-.14.g/ul) and 15.5 pl sterile water. PCR
conditions were: initial denaturation at°@sfor 4 min, 35 cycles of denaturation af®@4or 30 sec, annealing at

13

Scholars Research Library



Varun Kumar et al Cent. Euro. J. Exp. Bio., 2013, 2 (1):12-17

54°C for 1 min and extension at @ for 1 min followed by a final extension at®@for 5 min. The PCR was then
set on hold at%. PCR product was separated by electrophorest¥oagarose gel stained with ethidium bromide
and photographed under UV illumination using Get PONR Bio-Imaging Systems).

16SrDNA amplification:

The 16S rDNA region was amplified using the uniakfsacterial 16 rDNA primers BAC 27 F (5-AGA GTTGA
TCC TGG CTC AG - 3') [28] and BAC 1378 R (5'- CGGST GTA CAA GGC CCG GGA ACG - 3') [29]. The
PCR amplification of the target sequence was caroigt in a total volume of 50 pl of the followingreaction
mixture: 5 pl of PCR buffer (10X); 1.0 pl of dNTPure (10 mM); 2.0 ul of each of primers (10 uM)Q pl of
taq DNA polymerase (3U ) and 2.0 ul of template DNA (50 nd™* approx.) and 38 pl sterilized distilled water.
Amplification conditions were as follows: 3 min dfitial denaturation at 94C, followed by 40 cycles of
denaturation at 92C for 30 sec, 50C for 30 s, and 72C for 1 min, with the last cycle followed by a 1dnm
extension step at 7Z. PCR product was separated on 2% agarose gebhwtdgraphed under UV illumination
with Gel Doc (DNR Bio-Imaging Systems).

16S rDNA gene sequencing and phylogenetic analysis

The 16S rDNA product was got sequenced (Bioseryegkabad). The sequencing reaction of 16S rDNA Hiegbl
product was performed by using both forward BACR@nd reverse BAC 1378 R primers. 16S rDNA sequence
was compared with the GenBank database by usingltfueithm BLASTN programme [30] to identify the sto
similar sequence of 16S rDNA. Phylogenetic tree e@sstructed using MEGA 4 software [31] throughghéiour
joining method [32]. The partial nucleotide sequemetermined in this study was deposited in the Baak
database and got the accession number.

Morphological and Biochemical characterization.

ML3 was further assayed for morphological characteuch as Gram reaction and cell shape. Biochemical
characterization was done by utilization of carldrayes citrate, glucose, arabinose and hydrolylsgelatin and
starch.

RESULTS AND DISCUSSION

Rhizospheric soil sample was physiochemically ysead as depicted ifiable |. The selection of potential plant
growth promoting isolate involved screening of o2€r bacterial isolates from the rhizosphere sahga. The
isolate was designated ML3. The plant growth pramgotactivity of the bacterium was accomplished by
determining the IAA production, ammonia excretiphosphate solubilisation and siderophore produdfi@ble

II). ML3 also has inherent nitrogen fixing ability ish was detected by the presencaiéH gene as shown iRig

I. 16S rDNA amplification was confirmed with prime2g F and 1378 RHg Il). ML3 was identified on the basis
of partial 16S rDNA gene sequencing. The sequergenent from the isolate was compared with the akksl
nucleotide sequences in NCBI-nr database usin@®BtheST 2.2.9 systemwww.ncbi.nlm.nih.gov/BLAST). The
sequence of the 16S rDNA gene of the isolate ML@asd 100% identity with the 16S rDNA gene sequenifce
Bacillus licheniformis This partial 16S rDNA gene sequence of strain MiR3licheniformi$ has been deposited in
the GeneBank database under accession number J3@959®e phylogenetic analysis was performed by
constructing a phylogenetic tree in which our stidiL3 fell within the cluster comprisinBacillus speciesFig Il )
with Chlorella sorokinianawas used as an outgroup. The identification waghéurconfirmed by performing
morphological and biochemical characterizationhaf isolate. ML3 exhibited gram positive rods andgassion of
biochemical traits such as utilization of citraggycose, arabinose, hydrolysis of gelatin and ktamnfirmed it as
Bacillus licheniformigTable Il ).

Table I: Physiochemical analysis of rhizospherical sample

Soil Sample Village District EC pH Organic C Total N Available P
(Source) (dS niY) (%) (%) (g g*soil)
ML3 Ladwa Hisar 20.00 7.63 0.67 0.15 0.15
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Table II: Plant growth promoting traits of ML3

Strain nifH IAA production Ammonia Siderophore Phosphate
(ug mi?) excretion production solubilization
(ng ml?)
ML3 + 174.72 0.66 + +

Table 1ll: Morphological and Biochemical characterization

Characteristics  ML3

Gram stain +
Cell shape Rods
Utilization of:

Citrate +
Glucose +
Arabinost +
Hydrolysis of:

Gelatin +
Starcl +

100 by Ladder L3

420 bp

Fig I: nifH gene amplification of ML3

1 Kb ladder ML3

— 1351 hp

Fig 1l: 16S rDNA gene amplification of ML3
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1001 @ B. licheniformis ML3 (JX495606)
gz | ' Bacillus licheniformis (JX027378)
Bacillus amyloliquefaciens (JX028840)
8L Bacillus tequilensis (JQ796652)

4

I

28

7

iy

Bacillus pumilus (JN699022)

10U Bacillus aquimaris (HE655444)

E Bacillus hwajinpoensis (HE655443)
Bacillus humi (JN624924)
— Bacillus muralis (JX035939)

Wp— Bacillus circulans (AB680465)
i F Bacillus selenatarsenatis (JN624922)
Bacillus firmus (HQ285782)

& 4|-—{ Bacillus flexus (JQ979293)

qg |( Bacillus aryabhattai (HQ285770)

381 Bacillus megaterium (JX035947)
Bacillus mycoides (AB677940)
Bacillus cereus (JX025166)

qg | Bacillus thuringiensis (JX035961)

86l Bacillus weihenstephanensis (JX035959)

Viridibacillus arenosi (JF899298)
;@E Solibacillus silvestris (JF935081)
7

Lysinibacillus (JX040446)

01

Chlorella sorokiniana (KC416208)

Fig Ill: Neighbour-joining phylogenetic tree basedon 16S rRNA gene sequences, showing the relationshiof
Bacilluslicheniformis ML3 and other related taxa. Chlorella sorokiniana was used as an out-group. Bootstrap
percentages (based on 1000 replicates) are showrbaanch points. Bar, 0.1 changes per nucleotide pitisn

Isolation ofBacillusspecies from the rhizosphere area was widely atuglieviously. In this study, it was of interest

to isolate and characterize rhizosphéarxillus isolate for its multiple plant growth promoting &ties underin
vitro conditions so that it can be developed as a roultiional biofertilizer.Bacillus licheniformisML3 showed
potential activity of producing IAA, solubilizinghpsphate, producing siderophore and excretion oh@ma. The

ability of someBacillus sp. isolates to use tryptophan supplementethe cultivation medium is one of the

important points to determine IAA producing aitti. Tryptophan is the main precursor of lABiosynthesis
in bacteria [22], therefore the presence of i the medium is an important factor Bacillussp. isolates to
produce IAA. In accordance with this report, owlage Bacillus licheniformisML3 produced IAA in tryptophan
supplemented medium. ML3 was also efficient in bidising tricalcium phosphate. The ability ofveeal isolates
to solubilize tricalcium phosphate vitro shows the possible application of these iselatebiofertilizers in

various crop fieldsBacillusand other phosphate solubilizing bacteria (P&Bje capable of increasing the

availability of phosphorus in soil as demoreaby Rodriguez and Fraga in 1999 [33]. Ammoniereton is
also one of the important traits in plant growtlerpotion. Bacillus licheniformisML3 was producing significant
concentration of ammonia by developing a yellowocah peptone water. Siderophore is one of the dntol

mechanisms belonging to PGPR groups, includdagillus sp. under iron deficient conditions. ML3 exhibited

positive siderophore production which was indicabgdyellow halo around the spotted culture. PGP&pces a
range of siderophores which have a very high dffifior iron. Whipps in 2001 [34] reported that thsw
availability of iron in the environment would supps the growth of pathogenic organisms includingntpl

pathogenic fungi.
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CONCLUSION

Overall, the present study suggested thaBthallus licheniformisML3 strain has the potential to be developed as a
plant growth promoter or biofertilizer which in éue can substitute the chemical fertilizers.
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