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ABSTRACT

The rhizosphere soil of vigna mungo was collected physicochemical parameter of the soil was studige
plant growth promoting rhizobacteria were isolatatd identified based on morphological and biochainic
characteristics.The bacterial species were Pseud@mofluorescens and Bacillus subtilis. The isolatesre
screened for phosphate solubilization and IAA puatichg ability was also measured. The PGP also chimastic
such as catalase and siderosphore production waermdned. The pot culture experiment was performwét
PGPRs. From this,the phytochemical compounds ssdhlarophyll, carbohydrate, flavonoids and phecahtents
were determined from the leaves of Vigna mungb5at 30d, 45d and 60 days interval.The role of PGRR
biofertilizers that exert beneficial effect on pigmowth and development.

Key words: Rhizobacteria, Phosphate solubilization, IAA prditut, catalase, siderosphore production and
phytochemical analysis.

INTRODUCTION

Microorganisms play an important role in the auality of soil phosphorous to plant roots, and emsing P-
mobilization in soil. The ability of soil microorgasms to convert insoluble forms of phosphorus mswluble form
is an important trait in plant growth-promoting tex@ for increasing plant yields[1]. The main achteaye of using
Rhizobia as P-solubilizing microorganism will beeithdual beneficial nutritional effect resulting thofrom
phosphorous mobilization, ,Mixation [2] and their well-documented synergisfitteractions with Arbuscular
Mycorrhizal fungi[3]. Many P-solubilizing bacteria belong to tRseudomonasBacillus, Enterobacter Serratia
Pantoea Rhizobium Flavobacteriumand fungal genera such Aspergillusand Penicillium{4]. Current trends in
agriculture are focused on the reduction of the afspesticides and inorganic fertilizers, forcirtgetsearch for
alternative ways to improve a more sustainablecalitire[5]. Beneficial free-living soil bacteriaolated from the
rhizosphere, which have been shown to improve pheaith or increase yield, are usually referrecagoplant
growth-promoting rhizobacteria (PGPR).

Bacteria that colonize the rhizosphere and plaotstcand enhance plant growth by any mechanismedeered to
as Plant Growth-Promoting Rhizobacteria (PGPR}hincontext of increasing international concernféard and
environmental quality, the use of PGPR for reduahgmical inputs in agriculture is a potentiallypiontant issue.
PGPR have been applied to various crops to enlhgnoeeh, seed emergence and crop yield, and some lneen
commercialized[6]. A PGPRseudomonas fluoresceB46 isolated from the roots of graminaceous plaatsbeen
shown to colonize the roots of various plants, Enithcrease the height, flower number, fruit numéwed total fruit
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weight of tomato plants[7]. Plant growth promotirtgzobacteria (PGPR) are often novel and potemtials to
provide substantial benefits to agriculture.

The main group of phytohormones is auxin, cytokingibberellin, and ethylene like substances. Onehef
phytohormones produced by soil microorganisms d®lier3 acetic acid (IAA) which is an important hame for
plant growth and development. Many investigatioagehfocused on the close relationship between pkamd plant
growth-promoting rhizobacteria (PGPR). Some rhintéxda can reduce the toxicity of heavy metalsultesy in

the stimulation of plant growth[8].

Hence, the present study was carried out with thiége€ion of soil sample form the rhizosphere \éfgna mungo.
Analysis of physicochemical parameters of the skiblation and identification of plant growth protimgy
Rhizobacteriafrom the Vigna mungorhizosphere soil. Effect of PGPRs on the growatid photochemical
constituents o¥/ignamungowas determined by pot culturing method.

EXPERIMENTAL SECTION

Sample collection

Soil samples were collected from the rhizospheggion of black gramvigna mungdin Thanjavur district,
Tamil Nadu, South India. The collected soil samplese taken in a sterile container and were traresfeto the
laboratory for microbiological analysis.

Analysis of physicochemical properties

Test plant rhizosphere soil samples were collesagghrately from study site, and a portion of s@kwanalysis for
texture, pH, conductivity, total organic matter dathl soluble sugar at the soil testing Laboratdgmil Nadu Rice
Research Institute, Aduthurai, Tamil Nadu by theofeing standard methods [9] and [10].

Isolation and identification of plant growth promoting bacteria

Serial dilution and plating method used for isaatiand characterization the organismike morphological and
biochemical tests were done by the methods destribeexperiments in microbiology, plant pathologyda
Biotechnology [11].

Plant growth promoting activities

Phosphate solubilization activities

All bacterial isolates were screened for inorgapliimsphate solubilization. A loopfull of fresh ba@eé cultures
were streaked on to National Botanical Researchitutes's Phosphate Growth Medium containing inoigan
phosphate and plates were incubated at Z8£8r 3 days. After 3 days, the colonies showing ttear halo zone
around them indicated solubilization of mineral pploate. Phosphate solubilization activities wemeested by
measuring the clearing zone surrounding the deeeldgacterial colony via calculation of phosphatelsibzation
index [12].

Phosphate solubilization Index = A/Bx100.

A = total diameter (colony + halo zone).
B = diameter of colony.

Quantitative estimation of phosphate

Quantitative estimation of inorganic phosphate Isiikation was done as per methodology describedNaytiyal
and Jackson, 2001. Bacterial isolates were growNdtional Botanical Research Institute’s phospHalBRIP)
broth containing 0.5% tricalcium phosphate (TCP)e absorbance of the resultant colour was retad B0 min at
430 nm in UV/Visible spectrophotometer.

IAA Production

A single colony of bacterial culture was grown o liquid medium. The cultures in the flask showsigk milky
white growth were tested for purity [13].
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Catalase activity
Catalase test was performed by taking a drop oh$étogen peroxide was added to 48 hours old battesliony
on a clean glass slide and mixed using a sterilthte pick. The effervescence indicated catalateityc

Siderophore test

Thin layer of silica gel G60 slurry was preparedghass plate and spotted with the isolated bactesupernatant
on thin layer plate, development of the chromatogra the solvent system of methanol: chloroform9)1:
Appearance of reddish brown colour indicating thespnce of siderophore [14].

Pot culture experiment

The seedlings ofigna mungowere transplanted in four pots of equal size. Sainples were collected at,
Okkanadu keeliyur, Thanjavur district. Soil wadiss the culture medium. The pots were providet water
facilities. Pot culture experiment was conducte@tand Research Department of Microbiology, ST&®men’s
college, Mannargudi, Tamil Nadu.

There were four treatments were performed. Theetheplication for each treatment were performed ti#é pots
were arranged in a randomized design. The pots manetained in the open shade at the temperatu€é-30°C

Morphological parameter

Following morphological parameters were studiedylwere height of the plant (in cm), number of leaper
plant), number of roots, (per plant), shoot lengthcm), root length (in cm), yield (seed in gndpt nodules (per
plant) and number of flowers (per plant).

Phytochemical analysis
Chlorophyll Estimation [15]
Chlorophyll content was calculated by followingrafard formula ,

\Y,
mg of chlorophyll ‘a’/g of =12.7 (83 — 2.69 (Ags) X ——mm—
Fresh leaves 1000 x W
V
mg of chlorophyll ‘b’/g of =22.9 (As) —4.68 (Agzs) X ————
Fresh leaves 1000 x W
\Y
mg of total chlorophyll/g = 20.2 () +8.02 (Agd * —————
of fresh leaves 1000 x W
Where,
A = absorbance at specific wave lengths.
\% = final volume of chlorophyll extract in 80% aocee
W = fresh weight of tissue extracted

Carbohydrate estimation by Anthrone method [16]
Amount of carbohydrate present in 100 mg of themanwas calculated by

= Mg of glucose x 100
Volume of the sample

Test for flavonoids — Shinoda’s test [17]
Methanolic extract with few ml of alcohol was hehteith magnesium and concentrated HCI was addeérund
cooling. Appearance of pink colour indicates thesence of Flavonoids.
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Test for phenols [18]
Three drops of methanol extract was taken in a plate and then a drop of neutral ferric chloridesvealded
Appearance of purple colour showed the presenpheafolic compound

Statistical analysis
Random sampling was used for the entire. The data of all the parameters were statisticallglyeed and
expressed as mean + S.D by using the formula [19].

- >X
Mean= X = ——

N
>X = sum of all the values of variak
N = Number of observation

Where,

=2
E(x - x) = The sum of the square of the deviation of eadhevitom the mee
N = Number of observation.

RESULTS AND DISCUSSION

Sample collection
In the present study, the rhizosphere soilvigna mungowas collected and physicochemical parameters
studied.

Physicochemical properties

The organic content in soil samples was considaseohne of the key determinants driving the micrlatmanmunity
structure [20]The physicochemical propertiof soil such as soil texture, pH, Electrical cortility, total soluble
salt and organic matteontent were studied.he soil textire was clay loam soil and shov the pH 7. The total
organic content was 1.06%. It shov 0.33 um/crit conductivity. The sable sugar content of soil was 12.4

Isolation and characterization of organisn

Serial dilution and plating method used for isa@atiand characterizati of the organisms. Hen, the isolated
organisms were confirmed aBacillus subtilic and Psudomonas fluorescerBhe bacterialcolony was compared
with Bergey’s manual of system@aBacteriology.

Characterization of rhizobacteria for PGP traits

Plant growth promoting rhizobacteria (PGPR) colongzhe surface or inner part of roots pla important positive
role that directly or indirectly influens plant growth and development [2The plant growth promoting activity
rhizobacteria were determined and theults were indicated.

Phosphate solubilization

In the concentration of phosphate released in to the medmried from strain to strain which would be
consequence phosphate precipitation of organic boktas as reported earl[22]. The maximum phosphate
solubilization was measured Bacillus subtilis (36.8mm) when compared withseudomonas fluoresce (34.6
mm).

Quantification estimation of phosphatt

The maximum phosphate solubilization was notice B. subtilis562. 34 jg/ml and ir Pseudomonas fluorescens
(482.62 pg/ml).
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Indole Acidic Acid Production

The ability of bacteria to produce IAA in the rhgahere dependents on the availability of precurandsuptake of
microbial IAA by plant. Growth promotion may be rdttited to other mechanism such as production ahtpl
growth promoting hormones in the rhizosphere amPGP activities [23 and 24]. IAA production wa®wn
higher inPseudomonas fluoresce(ts3 1g) followed byBacillus subtilis(3.89).

Catalase activity

Bacterial strains showing catalase activity musthighly resistant to environmental, mechanical @hémical
stress. Some of the above tested isolate couldiexhore than two or three PGP traits, which margnmte plant
growth directly or indirectly synergistically. Sitar to our findings of multiple PGP activities angopRGPR have
been reported by some other workers while suchrfgndn indigenous isolates of India are less coniynerplored
[25].

Catalase activity was detectedReeudomonas fluoresceasdBacillus subtilis Evolution of gas bubbles from the
H,0, solution showed positive for the presence of ealkenzyme by the organisms.

Siderophore production
Production of siderophores was detected less fratyunan other PGP characteristic. The isolateBsgfudomonas
species were strong siderophore production whilei$elates oBacilluswere able to produce siderophore.

Siderophores may directly stimulate the biosynthe$iother antimicrobial compounds by increasiregydkailability
of these minerals to the bacteria. Antibiotics adrophores may further function as stress faaborsingles
including local and systematic host resistance.[26]

Pot culture experiment
The PGPRS were used for Pot culture experiment. pelnameters were analysed at 15d, 30d, 45d andag® d
interval.

Morphological parameter

Morphological parameters such as height of thetplamber of leaves , number of root, root lengtigot length,
chlorophyll analysis, carbohydrate analysis, tesflavonoids and test for phenols were also detezth(Table-1 to
Table-6).

Table — 1 Effect ofPseudomonas fluorescens and Bacillus subtilis on different morphological parameters inVigna mungo (15" Days)

Treatments Height of the plant Number of leaves / Shoot length Root length Number of
(cm) plant (cm) (cm) roots/plant
T1 12.5+4.00 8+2.64 7.5+0.70 3.2+1.12 9+1.00
T2 10.4+3.54 7+£2.24 6.4+1.22 2.4+1.9 8+1.11
T3 9.7+3.61 6+2.00 5.8+1.72 1.8+0.63 7+2.00
Control 7.6+1.68 4+2.00 4.0+1.95 1.8+0.63 5+2.00

Values are triplicate, meanz+ standard deviation

T1 =Pseudomonas fluorescenedacillus subtilis

T2 =Pseudomonas fluorescence
T3 =Bacillus subtilis

Table — 2 Effect ofPseudomonas fluorescens and Bacillus subtilis on different morphological parameters inVigna mungo (30" Days)

Treatments | Height of the plant (cm) | Number of leave/ plant | Shoot length (cm)| Root length (cm) Numbeof roots/plant
T1 17.83+2.21 15+2.52 10+3.70 3.0£0.41 13+0.89
T2 15.94+2.70 13+2.60 9.4+1.54 3.5+0.54 12+0.72
T3 14.7+£2.25 12+1.14 8.1+2.12 2.4+0.15 11+1.07
Control 13.8+2.25 11+1.73 7.9+1.80 2.5+0.43 8+0.81

Values are triplicate, meant standard deviation
T1 = Pseudomonas fluorescence + Bacillus subtilis
T2 = Pseudomonas fluorescence T3 = Bacillus ssbtili
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Table- 3 Effect ofPseudomonas fluorescens and Bacillus subtilis on different morphological parameters in Vigna murgo 45" days

Treatment | Height of the plant(cm) | Number of leaveg plant | Shoot length (cm)| Root length (cm)| Number foroots /plant
T1 20.4+2.85 19+2.00 11.2+0.38 3.2+0.38 15+0.96
T2 19.7+2.21 16+2.64 10.2+1.82 2.8+0.30 13+0.89
T3 18.2+3.10 15+2.32 10.0+1.66 2.7+0.29 12+0.83
contro 17.5+2.55 14+2.2¢ 9.4442.1 2.5+0.4¢ 11+0.5¢

Values are triplicate, meant standard deviation
T1 =Pseudomonas fluorescence + Bacillus subtili
T2 = Pseudomonas fluorescence
T3 =Bacillus subtilis

Table- 4 Effect ofPseudomonas fluorescens and Bacillus subtilis on different morphological p  parameters inVigna mungo 60" days

Treatment | Height of the plant(cm) | Number of leaveg plant | Shoot length (cm)| Root length (cm)| Number foroots /plant
T1 22.7+2.98 25+2.51 12.6+2.57 3.540.2 16.3+1.52
T2 21.442.39 23+2.00 12.1+2.18 2.9+0.22 15+0.20
T3 20.5+2.23 22+2.32 12+2.18 2.8+0.15 14+0.51
control 19.5+2.32 21+2.64 11.7+2.02 2.7+0.38 1481.0

Values are triplicate, meant standard deviation
T1 =Pseudomonas fluorescence + Bacillus subtilis
T2 = Pseudomonas fluorescence

T3 =Bacillus subtilis

Table — 5 Effect ofPseudomonas fluorescens and Bacillus subtilis on Chlorophyll content of Vigna mungo (15™ 30", 45" and 60" Days)

Chlorophyll (mg/g)
Treatment 15" day 30" day 458" day 60" day
a b total a B Total a B total A b total
T1 0.107| 0.070] 0.174 0.158 0.135 0.2p3 0.190 0.L72 620{30.181| 0.168 0.349
T2 0.102| 0.067| 0.169 0.144 0.123 0.267 0.188 0.167 550{30.178| 0.154 0.332
T3 0.098| 0.066] 0.164 0.131 0.116 0.247 0.182 0.160 420{30.173| 0.135 0.308
Control 0.073] 0.053] 0.12¢ 0.112 0.098 0.200 0.180 0.143 230[30.162| 0.128 0.290

Values are triplicate and expressed as Mean
T1 = Pseudomonas fluorescence + Bacillus subtilis
T2 = Pseudomonas fluorescence

T3 = Bacillus subtilis

TABLE-6 Effect of Pseudomonas fluorescens and Bacillus subtilis on total carbohydrate, Flavonoid and Phenol in thdeaves of Vigna
mungo (60" day)

Treatment | Carbohytrate (mg) | Phenol (ug/g)| Flavonoidmg/g)
T1 18.0 62.2 97.5
T2 16.7 74.5 85.7
T3 15.8 74.7 72.1
Control 9.0 43.2 62.4

Values are triplicate and expressed as Mean
T1 = Pseudomonas fluorescence + Bacillus subtilis
T2 = Pseudomonas fluorescence
T3 =Bacillus subtilis

CONCLUSION

The rhizosphere soil dfigna mungowas collected and physicochemical parameterseottil were studied. The
plant growth promoting rhizobacteria were isolatedd characterized from the collected soil. The PGP
characteristics such as phosphate solubilizatidivigtc quantitative estimation of phosphate, irgacidic acid
production, catalase and siderosphore productior wleo determined.

The seedling ofVigna mungowere transplanted in 4 pots of equal size, whidrewnoted as Treatment 1-
Pseudomonas fluorescenplus Bacillus subtilis Treatment 2Pseudomonas fluorescerBreatment 3Bacillus
subtilisand control. The day’s intervals. The seeds weveed into pots. The selected PGPRs were inoculated
each pot. Then morphological parameters such &slgaber, height, shoot length, root length, roomber and
chlorophyll, carbohydrate, phenol, flavonoid consawere analyzed at different intervals.
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The results from this study were presented in gablerom this results, maximum number of leaf, praright, shoot
length, root length and roots were observed imthets treated witfPseudomonas fluoresceplsis Bacillus subtilis
(T1) than those of other treatment (T2, T3 and mbin all intervals. The percentage increaseallithe parameter
found in all the inoculated plants compared withtcal.

The result suggests that PGPR are able to indecprtiduction of 1AA, solubilization of phosphatedaresistance
to pathogen and pests, thereby improving growthlarfts. The use of PGPR as inoculants is an efficipproach
to replace chemical fertilizers. The role of PGPRbmfertilizers that exert beneficial effects dant growth and
development.
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