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ABSTRACT
Phosphates solubilising bacterial spp. isolatedhfrsaline soil near Kolhapur city were tested {por
IAA production using pure tryptophan. All isolatesre then screened for production of IAA usifg
natural sources of tryptophan such as soybean flpumpkin seed powder and watermelon sged
powder. IAA production was tested qualitatively agdantitatively. Most effective phosph
solubilising bacterial spp. was identified as Emteacter cloacae subsp. cloacae YCA on the basis
of its morphological, biochemical characteristicadal6s rRNA gene sequencing. The isolate Was
found to give high yield of IAA (0.89 mg/ml) froratermelon seed powder and it was also foundlito
produce other plant growth promoting substancefhaassiderophore, ammonia, organic acids apd
hydrogen cyanide. The isolate was moderate halegslit tolerates NaCl and KCI up to 6%. Thie
amount of soluble phosphorus was also found tceme over initial level in the pot where isoldte
was inoculated. Results of pot trials using salamel fertile soil indicate the potential use of olir
isolate in enhancing plant growth.

Keywords: Indole-3-acetic acid, Nutrient broth, Kartznelsand Bose medium, Siderophore, Salihe
soil.

Abbreviations. Indole-3-acetic acid (IAA), Nutrient broth (NByartznelson and Bose (KB) mediu

INTRODUCTION
Plant growth-promoting rhizobacteria (PGPR) areuraty occurring soil bacteria that aggressively
colonize plant roots and benefit plants by providimowth promotion. A large array of bacteria imthg
species oPseudomonas, Azospirillum, Azotobacter, Klebsi@tgerobacter, Alcaligenes, Arthrobacter,
Burkholderia, Bacillusand Serratia have reported as PGPR to enhance plant gfoRBPR influence
plant growth by two ways; indirectly and directlgdirectly through production of substances intukyt
to phytopahogens and directly through phosphateibdisiation, nitrogen fixation, production of
phytoharmones, siderophores?etc
IAA (indole-3-acetic acid) is the member of the gpoof phytohormones and is generally considered as
the most important native augint functions as an important signal moleculehie tegulation of plant
development including organogenesis, tropic respmngellular responses such as cell expansion,
division, and differentiation, and gene regulatidPhosphate solubilising bacteria are known tolsilide
insoluble phosphate and make it available to plafitsey are also capable of producing phytoharmones
like IAA. Most bacteria use tryptophan as a presufer IAA productiort. This study was aimed to
assess the potential of 10 phosphate solubilisiagtebial isolates in producing IAA by replacing
tryptophan with natural precursors such as soylikam, watermelon seed powder and pumpkin seed
powder.
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MATERIAL AND METHOD

Chemicals

Orthophosphoric acid, ethyl acetate, picric acwmtjism carbonate and other chemicals were obtained

from Himedia (India). All chemicals used were afittinést purity and of analytical grade.

Collection of sample

Soil samples were collected from different areasimg Kolhapur city. The collected samples wereestor

at controlled conditions until use.

Enrichment and isolation of phosphate solubilisingpacteria

Soil samples were inoculated in sterile KB brothd aincubated at 28 for 5 days.

Repeatedly three transfers were given. Bacteriaias from final enriched broth showing clear zame

KB agar medium indicates their ability to salide phosphate. These isolates were purified au:d.

All cultures were maintained on respective slantlimend stored af’@ till further use.

Screening of isolates for IAA production from tryptophan

Isolates were screened for IAA production from toghan by inoculating in NB containing 0.1%

tryptophan. Production of IAA in culture filtrate as detected colorimetrically at 540nm using

orthophosphoric acid and Salkowski's reafent

Screening of isolates for IAA production using nateal sources of tryptophan

Positive cultures were then screened for theintgldib produce IAA in presence of natural precussor

such as soybean flour, watermelon seed powdempamgkin seed powder instead of tryptophan.

2.6 Optimization of natural precursor concentrationfor IAA production

Effective isolate was inoculated in sterile NB @ning various concentrations of natural precur$ikes

2%, 4%, 6% and 8% and incubated af@dor 6 days and IAA produced was estimated using

Salkowski's reagent.

Characterization and identification of potential isolate

Phenotypic characters such as morphology (Gramistaand motility) and biochemical characteristics

(sugar fermentations, Voges-Proskauer, citratésatibn, arginine hydrolysis, indole production, thng

red and lysine decarboxylase tests) of potent@hie were studied by using standard procedurgemls

Bergey's manual.

The 16s rRNA gene of the efficient isolate was seged. The nucleotide sequence was determined by

automated sequencer. The nucleotide sequence Wwastad to NCBI. It was aligned and analyzed by

using BLAST program. The homologous sequence wead fos phylogenic analysis. The phylogenic tree

was constructed with Clustalx softwéare

Production and extraction of IAA

The potent isolatevas inoculated in nutrient broth containing 6% waieglon seed powder. After 10

days, the fermented broth was centrifuged at 10tp80for 30 min. Supernatant was acidified to pB 2.

to 3 with 1 N HCI and IAA was extracted by addingual volume of ethyl acetate. Ethyl acetate fractio

of IAA was then evaporated to dryness and solwliwith minimum volume of metharfoPresence of

IAA was confirmed by paper chromatography and fLQuantification of IAA was carried out from

standard graph obtained by using pure IAA.

Study of salt tolerance ability of the isolate

Salt tolerance ability of the isolate was studigdifoculating culture in KB agar medium containing

different concentrations of various salts such a€N1 to7%), KCl (1to7%), N&Os (0.1to1%)and

NaHCG;(0.1t01%).

Ammonia production

Bacterial isolate was tested for the productibammonia in peptone water. Freshly grown cultuas

inoculated in 10 ml peptone water and incubated7forhrs at 28 + 2°C. Production of ammonia was

detected by addition of Nessler's reagéribevelopment of brown to yellow colour indicatesguction

of ammonia by isolate.
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Hydrogen cyanide (HCN) production

Qualitative determination of HCN production by #féicient isolate was done by streaking the cultume
nutrient agar medium supplemented with 4.4 gm ghtit. Whatman filter paper no. 1 soaked in sodium
carbonate in 0.5% picric acid solution was placedtlte top of the plate and plate was sealed with
paraffin and incubated at %8 for 72hrs". If Whatman filter paper becomes orange coloutéddicates
production of HCN.

Siderophore production

The isolatewas inoculated in NB and incubated af@8or 24 hrs. 5% inoculum was inoculated in low
iron modified broth medium and incubated al@®or 4 days with constant shaking at 200 rpm dargo
shaker. After incubation broth was centrifuged angernatant was analysed for presence of siderephor
by CAS test 1 ml filtrate was added with 1-5 ml 2% FgGblution. Development of red colour of
filtrateindicates presence of siderophore.

Organic acid production

The major mechanism for solubilisation of insolulslerganic phosphates by micro- organisms is thnoug
production of organic acids. Hence, the organid gebduction profile of the PSB was examined, by
paper chromatographic techniqeOne ml of 24 h. old culture of isolate was inatatl to 50 ml
Pikovskaya’s brotlf and incubated at 28°C for 10 days. The broth watriieged at 10,000 rpm for 10
min. The supernatant so obtained was concentratedarly 1/10th of the original volume in a watattb
maintained at 60°C. The concentrated material Wwas tised for determination of organic acids by pape
chromatography in comparison with standard organid>. Standards of organic acids were prepared at
20 mg/ml stock. About 10l of standards and ibof culture supernatant was spotted on WhatmaniNo.
chromatographic paper and dried with a hair difxedlescending chromatography was run using a solvent
mixture of n-butanol, acetic acid and water in 12:f@tios in a chromatographic chamber pre satdrate
with solvent for 6 h. The chromatogram was runlfét and air dried for 3 days. The air dried papes
sprayed with 0.04% bromocresol green. The paperdwad at room temperature. The Rf value of yellow
spot of organic acid developed on a blue backgrauasl measured and compared with the Rf values of
the standard organic acids for identification.

Study of effect of isolate on plant growth

Plate test

Sterile NA plate containing precursor was inocuatégth culture and surface sterilized healthy jowar
seeds were kept on the surface of agar. Contréé plathout culture was also seeded with surface
sterilized jowar seeds and plates were incubated.

Pot test™

Pots were prepared for both saline and fertilessmparately as follows

Set | using fertile soil

Pot A : Only Fertile soll
Pot B : Fertile soil + culture
Pot C : Fertile soil + culture + presar (watermelon seed powder)

Set Il using saline soil

Pot D : Only saline sail
Pot E : Saline soil + culture
Pot F : Saline soil + culture + presmrr(watermelon seed powder)

Seeds were surface sterilized and then sown ineapots. The pots were kept in sunlight and observed
for seed germination and growth of seedlings. Segdirowth was measured daily.

RESULT AND DISCUSSION
The present study is done in order to isolate phatgpsolubilising bacteria capable of producingear
amount of indole acetic acid. Totally, 10 phosplsatebilising bacteria were isolated on KB agar.
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After purification the isolates were coded as A@BD, E, F, G, H, | and J. All isolates were saatifor

IAA production by Salkowski's method (Table no. Qut of 10 isolates, isolate J was selected as it
produced maximum IAA (0.03mg/ml) within 6 days ofcubation. Isolates F,E,|,G,C and A also
produced IAA but in remarkably less quantity, whelates B,D,H were unable to produce IAA even
after 15 days of incubation.

Seven isolates showing positive results were furtidgted for quantitative estimation of IAA in peese

of natural sources of tryptophan. All isolatesis¢itl watermelon seed powder and pumpkin seed powder
for IAA production; however in presence of waterarebeed powder isolate J produced IAA rapidly and
in more quantity (0.05mg/ml) than other isolatesl@gicted in table no. 2. However, soyabean floas w
utilized by none of the isolates.

This potential isolate namely J, was identifiedshiydying morphological and biochemical charactiesst
as per Bergey's manual. It was found to be Granativg) motile rod positive for glucose, mannitol,
lactose, sucrose, citrate utilization, Voges-Praskand arginine hydrolysis test and negativeridoie,
methyl red and lysine decarboxylase test. Thesehbimical tests demonstrated only the genus
Enterobacter Conformation of this isolate was done by 16s rRijgne sequencing. The nucleotide
sequence was submitted to NCBI. It was alignedaaradyzed and named Bsterobacter cloacae subsp.
cloacae YCA. (Genbank accession no. Banklt 174258terobacter KM 186607). Its phylogenic
positionin relation to other species of same genus istitiisd in Fig.1.

The isolate when studied for IAA production usinffedent concentrations of watermelon seed and
pumpkin seed powder showed high yield of IAA (0.@Bml) at 6% watermelon seed powder. When
concentration was increased above 6%, IAA prodocti@s found to decrease (Table no. 3). This
decrease may be due to feedback inhibifion

Studies on optimization of incubation time showedigher rate of IAA production on the “L@lay
(0.89mg/ml) as shown in table no.4, in presencevatbrmelon seed powder at 6% concentration. 1AA
produced was extracted and identified by paperrohtography and thin layer chromatography by
comparing with Rvalue of standard IAA (Fig 2).

The isolate was moderate halophile as it tolefd&S| and KCI up to 6%, NaHG@Pp to 1% and N&L O,

up to 0.5% as per Table no. 5.

It also produced ammonia, HCN, siderophore andricgacid. The produced ammonia helps in inducing
plant growth as it is the most common assimilattoym of nitrogen. The production of defensive
secondary metabolites like HCN and siderophore wgilippress plant diseases thus indicating
Enterobacter cloacae subsp. cloacé€Aas a bio-control agent. Since siderophore is segtnatder iron
deficient conditions, this ability of the isolatéllvhelp in providing iron to plants in utilizabliorm®’.
Organic acid secreted was detected as acetic duichweduces the pH and contributes in phosphate
mineralization. Thus enhances phosphate avaikabdiplants®,

The results of pot trials of set | showed that,atHength of jowar seedlings in pot C was highedlc{8)

in presence of isolate as compared to pot A (18umd)pot B (20cm) on %ay (Fig. 5) (Table no. 6).
Jowar seeds were not found to germinate in satildaence pot trials in saline soil were carried osing
chavali seeds. For SET II, the isolate was alsaddio promote growth of seedlings in pot F (5.6cas),
compared to pot E (3.6cm) and pot D (dry) as shinw(frig. 6) (Table no. 7). Soluble phosphorus cohte
was found to increase in both pots of fertile adl we saline soils where isolate was inoculatedr ove
uninoculated control. (Table no. 8). Pot trialsidade that our isolate is beneficial for growthpddints in
fertile as well as saline soil when applied withtevenelon seed powder.
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Table No.1: Screening and isolation of IAA producig PSB

PSB Isolates Medium Incubation time IAA
mg/mi
J NB 6 days 0.03
F with 0.1% 6 days 0.01
E.I,.G,CA tryptophan 6 days 0.005
B,D,H 15 days _

Table No. 2: Screening of isolates for IAA productin using natural sources of tryptophan

Natural Precursors PSB isolates Incubation time A il
mg/ml
Soybean flour J,F.EI,G,CA 15 days -
Watermelon seed powder J 6 days 0.05
F.EI,G,CA 10 days 0.03
Pumpkin J 6 days 0.01
seed powder F,EI,G,CA 10 days 0.005

Table No. 3: Optimization of precursor concentratio for IAA production using
Enterobacter cloacae sub sp.cloacae strain YCA

IAA in mg/ml
Natural Precursor

Concentration of precursor
2% 4% 6% 8%
Watermelon seed 0.01 0.03 0.05 0.04
powder
Pumpkin seed powder 0.01 0.02 0.03 0.01

Table No. 4: Study of incubation time for IAA production from Enterobacter cloacae sub sp.cloacae strain

YCA in presence of watermelon seed powder

Medium Incubation time Optical density (at Concentration of
(days) 540nm) IAA (mg/ml)

6 0.11 0.05
NB with 7 0.13 0.11
6%Watermelon 8 0.20 0.29
seed powder 9 0.37 0.72
10 0.43 0.89
11 0.39 0.79
12 0.25 0.42

Table No. 5: Salt tolerance ability ofEnterobacter cloacae sub sp.cloacae strain YCA

Name Concentration of salt in %

of salt 1 2 3 4 5 6 7
NacCl + + + + + + -
KCI + + + + + + -

Na,CO; + + + - - - -

NaHCQ + + + + + + +
+ Growth
- No growth
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Table No. 6: Effect ofEnterobacter cloacae sub sp.cloacae YCA on the growth of jowar plants in fertile soil

Time Fertile soil only Fertile soil + isolate  Fertile soil + isolate + precursor
(days)

Height of seedlings in cm
3%day 1.0 1.0 1.0
5" day 1.0 1.5 2.9
7" day 5.0 3.0 3.0
9" day 4.6 5.0 6.0
11" day 6.5 8.0 8.0
13"day 7.0 11.0 12.0
15" day 9.0 15.0 16.0
17" day 10.0 16.0 18.0
19" day 11.0 16.5 19.0
21" day 11.3 17.0 20.0
23"day 13.0 17.5 23.0
25"day 15.0 18.0 26.0
27"day 17.0 19.0 29.0
29" day 18.0 20.0 30.0

Table No. 7 Effect ofEnterobacter cloacae sub sp.cloacae YCA on the growth of Chavali plants in saline soil

Time saline soil only Saline soil + Isolate Saline solkolate +

(days) Precursor

Height of seedlings

6" day 1.0 mm 1.0 mm 2.0 mm
8"day 3.0 mm 6.0 mm 1.2cm
10" day 5.0 mm 9.0 mm 2.0 cm
12" day 9.0 mm 1.2 cm 3.2cm
14" day 1.1 mm 1.3cm 3.3cm
16" day 1.2 mm 2.0cm 4.0 cm
18" day Dry 2.4 cm 4.4 cm
20"day Dry 2.7 cm 4.9 cm
22'day Dry 3.1cm 5.2 cm
24" day Dry 3.6cm 5.6 cm

Table No. 8 Effect ofEnterobacter cloacae sub sp.cloacae YCA on the soluble phosphorus content of soil

Fertile solil Saline soil
Initial phosphorus 2 kgl/acre 3 kg/acre
After 30 days
Soil + Isolate 3 kg/acre 6 kg/acre
Soil + Isolate + Precursor 5 kg/acre 7 kg/acre
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Fig.1: A tree showing phylogenetic affinity of thepotent isolate [i.e.Enterobacter cloacae subsp. cloacae YCA]
to other members of GenusEnterobacter

Entercbacter sp. EC3

Entercbacter sp. F3

Enterchacter sp. enrichment
culture clone H5L788

Entercbactersp. D1

Entercbacter cloacae strain

Enterobacter sp. enrichment
culture clone HSL768

Enterobacter sp. F3

Enterobacter cloacae subsp.
cloacae YCA

Fig.2: Silica gel plate showing pink spot of pureAA and extracted I1AA
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Fig.3: Plate test in presence dEnterobacter cloacae sub sp.cloacae strain YCA

Fig. 4: Plate test in absence oEnterobacter cloacae sub sp.cloacae strain YCA

Fig.5: Pot trials of fertile soils in presence oEnterobacter cloacae sub sp.cloacae strain YCA and
watermelon seed powder
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Fig.6. Pot trials of saline soil in presence dEnterobacter cloacae sub sp cloacae strain YCA and
watermelon seed powder

CONCLUSION
Amongst various natural precursors, watermelon ge&dler in 6% concentration was found to be more
effective for IAA production fromEnterobacter cloacae subsp. cloacsteain YCAand yield obtained
was 0.89 mg/ml after 10 days of incubation. Thiglaie was found to produce HCN, organic acid,
ammonia and siderophore. It resulted in signifidaotease in shoot length in both saline and &eddil
in presence of precursor. The isolate was alsoddortbe moderate halophile. The present study sigge
thatphosphate solubilization and IAA production in gese of easily available and cheap precursor i.e.
watermelon seed powder is a beneficial aspedEriérobacter cloacae subsp. cloacsteain YCA in
enhancing crop yield. Thus using it as a biofewifialong with watermelon seeds for fertile andénsal
soil will be an ecofriendly, economically feasilaled promising alternative in the hands of farmers.
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