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ABSTRACT

In the present study rhizobial isolates from root nodules of various legumes were screened for phosphate
(P) solubilizing ability in both non-buffered and buffered media. Thirty five percent isolates showed P.
solubilizing ability in buffering conditions. There was reduction in pH of media with increase in P.
concentration up to 15 days. Isolate RASH6 selected on the bases of highest P. solubilizing ability in
buffering condition also showed |AA, siderophore, ammonia and HCN production. HPLC analysis
showed production of succinic and gluconic acids in the non-buffered culture medium.In buffered media
citric, succinic and gluconic acids were produced in higher concentrations in comparison to non-buffered
media, due to enhanced requirement of organic acids for reduction of pH in buffered condition. Pot study
showed that treatment with RASH6 had a significant effect on chickpea growth in soil amended with
tricalcium phosphate in comparison to without any amendment, indicating the role of P. solubilization
ability of rhizobia in plant growth enhancement. In treatment of soil amended with soluble phosphate
indicates that as soluble phosphate is already present in the soil, phosphate solubilization mechanism
may not be involved however other plant growth mechanism may be responsible for plant growth
promotion. There was enhancement in nodulation and nitrogenase on RASH6 treatment in soil amended
with phosphates indicated that improvement in P nutrition of the plant was responsible for increased
nodulation and N,-fixation. Rhizobial isolates having N, fixing as well as high P solubilizing capability
can be of great value for sustainable yield enhancement.

Key words: Buffering condition, chickpea, organic acids, phosphate solubilizing microorganisms,
rhizobia.

INTRODUCTION
Phosphorus (P) after nitrogen is the most impontamtient limiting agricultural productidi. Soils are
often abundant in insoluble P, either in organidnmrganic forms, but deficient in soluble phosgsat
essential for growth of most plants and microorggasi. Soluble forms of phosphate fertilizers areelyid
applied to agricultural soils in order to circumvdhdeficiency but 75 to 90% of added P is rapidly
precipitated as insoluble forms and becomes urahlailto plants Converting insoluble phosphates
(both organic and inorganic) to a form available dants is a necessary goal to achieve sustainable
agricultural production. Several reports show thditg of diverse bacteria to solubilize inorganic
phosphate compounds such as tricalcium phosphéatalcidm phosphate, hydroxyapatite and rock
phosphaté Among the bacterial genera reported to expresspitate solubilization afeseudomonas,
Bacillus, rhizobia Burkholderia, Achromobacter, Agrobacterium, Microccocus, Aereobacter,
Flavobacterium andErwinia’.
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Phosphate solubilization ability of microorganisims soil may be different from that found under
laboratory conditiorfs In soil pH buffering capacity is governed mosily protonation/deprotonation of
acidic group on organic matter, oxides and hydresjdissolution/precipitation of carbonates..efthe
buffering capacity of soils can limit solubilizatiof soil phosphates by microorganisms as it has be
shown that solubilization of calcium phosphate @acomplexes are mediated mainly by lowering the
pH of the mediuth According to Gyaneshwaet al.’, it is common to obtain phosphate solubilizing
microorganisms (PSM) under laboratory conditionbjlevfield performances by the PSM are highly
variable. No increase in crop yield or P uptake feamd in 70% of field experiments. To find a highl
efficient PSM that performs well under laboratoonditions and in soil remains a challenge.

Rhizobia are well known for biological nitrogen dtion, an important source of nitrogen, and various
legume crops could fix as much as 200 to 300 kgitodgen per hectare or about 70 million metricston
of nitrogen per yeat™ It has been reported that certain strain®lufzobium can also solubilize both
organic and inorganic phosphdféd But studies on phosphate solubilizing abilityrbizobia are very
limited****!® The main advantage of using rhizobia as a PSMbeiltheir beneficial nutritional effect
resulting both from phosphate mobilization andagjen fixatiod’. The aim of this work is (i) to screen
rhizobial isolates with phosphate solubilizing @bieven under buffering conditions and (ii) cheble
plant growth promoting ability of selected isolataking chickpea(icer arietinum) as test crop.

MATERIALS AND METHODS
Isolation of phosphate solubilizing rhizobia
Root nodules from leguminous plants were colledtetn Kanpur (UP, India) and adjoining areas.
Rhizobia were isolated on congo red yeast extraahnitol (YEM) agar medium according to
Somasegran and Hobé&nProlific colonies developed after 48 h of inclbatat 28°C were picked and
re-streaked on fresh prepared plates to obtainqulteres. The purified rhizobial isolates wererstbat -
20°C in 25% glycerol and checked for productionnoflules in their respective host plants. Briefly
surface sterilized seeds were inoculated by imraer&r 15 min in a RASH6 culture in YEM broth (48
h) and then potted in sterilized soil for 20 days.
Phosphate solubilization ability
The phosphate solubilizing ability of the isolatess tested on Pikovskaya's agar medium containgeg (
liter): 0.5 g yeast extract, 10 g dextrose, 5 g(P@),,0.5 g (NH),SO,, 0.2 g KCI, 0.1 g MgS©7H,0,
0.0001 g MnSQH,0, 0.0001 g FeSLrH,O and 15 g agar. After 7 days of incubation at 285Glates
that induced clear zone around the colonies wemsidered as positivé The solubilization index (SI) of
isolates was calculated as follows:

S| = Colonwaheter + Halozone diameter
Colony diameter

The effect of buffering condition on phosphate baizing activity of rhizobial isolates was checked

RP minimal agar medium containing 100 mM glucogeyu? MgS0O, , 10 mM NH,CI and the following
micronutrients per liter: 3.5 mg Fes@H,0, 0.16 mg ZnSQ7H,0, 0.08 mg CuSEBEH,O, 0.5 mg
HsBO;, 0.03 mg CaGlH,O, 0.4 mg MnSQH,O and 15 g agar. The phosphate source was 5 g of
tricalcium phosphate. The pH of the medium was stdpli to 7.0. Sterilized tricalcium phosphate was
added to media before pouring. For buffering of imedd0 mM tris HCI, pH 7.0 was used. Methyl red
indicator dye was used at 0.01% in plates. Thecefédé buffering on phosphate solubilization was
recorded by measuring the diameter of red zonendrte colony after different time intervals up#o
days and Sl calculated.

Quantitative estimation of phosphorus contents
The phosphorus solubilization potential of rhizdébgolates was tested under both non-buffering and
buffering conditions in the Pikovskaya’s bradnd RP minimal broth amended with known amount of

Copyright © October, 2014; IJPAB 98



Naveen K. Arora et al Int. J. Pure App. Biosci. 2 (5): 97-106 (2014) ISSN: 2320051
tricalcium phosphate as a substrate, respectildgljnoculated broth was used as control. The flagke
incubated at 28°C for 30 days and centrifuge a2914 g. Available phosphorus was determined in
supernatant following the procedure of American llRuHealth Associatioff. The pH of the culture
medium was recorded.

Other plant growth promotory characteristics

Rhizobial isolates were tested for the productibmmmonia in peptone water. Freshly grown cultures
were inoculated in 10 ml peptone water in tubesiandbated at 28°C. After 72 h Nessler's reager (0
ml) was added in each tube and observed for thegeha color from yellow to brown. Siderophore
production was determined in CAS agar medium adegrtb the Schwyn and NeilarfdsColor change

of the medium from blue to orange was taken ascatitin of siderophore production by rhizobial
isolates. For siderophore estimation cell free-mugtant of RASH6 was subjected to detection and
estimation of siderophore by CAS shuttle adsayhe production of IAA by rhizobial isolates was
determined according to the method of Beical.”®. The log phase culture of rhizobial isolates was
inoculated in YEM broth supplemented with tryptopi{&00ug/ ml) and IAA concentration determined
using Salkowski's reagent. The concentration of IM@As evaluated by comparison with standard curve.
Production of HCN was observed on YEM agar mediamtaining glycine (4.5 g/l) according to Baker
and Schippefé. A change in color of filter paper from yellow teddish brown was recorded as an index
of cyanogenic activity.

Organic acid production

For the analysis of organic acids produced by sateisolate RASH6, non-buffered and buffered broths
(7 days after inoculation) were filtrated througl®.22 ml filter (Millipore, TBP) and injected (20uih
HPLC (Perkin Elmer) C-18 column. The mobile phasesw.1% phosphoric acid at a flow rate of 1
ml/min; the column temperature was 55°C. UV absomptvas measured at 210 nm. Organic acid in
purified solutions were determined by comparing iteiention time and peak areas of chromatograms
with the standards of citric, gluconic, succinagtic, fumaric, oxalic, malic and tartaric aétds

Acid production in vitro (tube)conditions

Chickpea Cicer arietimum) seeds were surface sterilized with 2 % sodiumoblforite for 5 min
followed by three washes with sterile distilled eafDW). Seeds were germinated onto water-agaeglat
(1% agar) at 25°C. The seedlings were inoculatetinimyersion for 15 min in a RASH6 culture in YEM
broth (48 h) and placed into tubes containing noffielbed and buffered (using 100 mM Tris HCI) semi
solid agarized Féahraeus medium with 0.01 % metnylas acid-base indicatdorUninoculated seedlings
in both non-buffered and buffered media were tasnegative controls.

In vitro nodulation and plant growth promotion

The PGP activity of selected rhizobial isolate RASMas detected taking chickpeaas a test crop. Seeds
were surface sterilized with 70 % ethyl alcohol 2omin followed by 2% sodium hypochlorite (10 min)
and germinated in tubes (2 seed/tube) 1/3 filleith wlant growth medfd (PGM)and PGM modified by
replacing kHPQO, and KH,PQ, with tricalcium phosphate. Buffering condition wasintained using 100
mM Tris HCI. The experiment was conducted using-mmdified and modified PGM in following sets:
(i) seeds (control) (ii) seeds + 100 mM Tris HGI) (Beeds + RASH6 (iv) Seeds + RASH6 + 100 mM
Tris HCL.

Seeds were bacterized by dipping in cell suspensfoRASH6 (OQ, = 0.1) for 10 min and dried
overnight under aseptic condition. After 10 daygafwth root length and shoot length were meastired
The experiment was conducted in triplicate.

I n vivo plant growth promotion

Chick pea plants were raised from surface-stedlgeeds in plastic pots filled with steam-sterditecal

soil (500 g; P = 0.0908 %, pH = 8.4). The experitmeas carried out in six different treatments:s@)l
(control) (ii) soil + 0.2% tricalcium phosphate W/ (iii) soil + 0.1% KHPO, (w/w) + 0.1% KHPO,
(w/w) (iv) soil + RASH6 (v) soil + 0.2% tricalciumphosphate (w/w) + RASH6 (vi) soil + 0.1%HPO,
(W/w) + 0.1% KHPO, (w/w) + RASH6. After emergence of seedlings, @amére thinned to five plants
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per pot. At harvest (30 days), root length, sHength, nodule number per plant, fresh weight and d
weight were determinéd Symbiotic nitrogenase activity was measured i sis GH, evolution
according to Minchiret al.*°,

RESULT AND DISCUSSION
In the present study, we screened rhizobial isslfxtam root nodules of chickpea, pigeon pea, sweat
masoor and lobia. All the isolates showed noduten&tion in their respective host plants.Out of 100
rhizobial isolates 70% showed phosphate solubgizindex in a range of 2.2 to 4.1 on Pikovskaya'arag
media. Isolate RASH6 showed maximum solubilizatiodex. (Fig. 1a). The study reports that in
buffering condition only 35 % showed phosphate Isitiking ability. Under buffering condition
maximum phosphate solubilization index (3.8) waswad by RASH6. (Fig. 1b). In buffered medium
phosphate solubilizing ability of rhizobial isolatgot reduced. There are several reports of redaced
loss in P-solubilizing ability of the bacteria undriffered media conditiofid". Maximum phosphate was
solubilized by isolate RASH6 in both non-buffer@&ikpvskaya’s broth) and buffered (RP minimal broth)
condition. Isolate RASH6 showed 278/ ml phosphate solubilization and lowered the pH314 on
twentieth day in Pikovskaya’'s broth (Fig. 2a). Heee in buffering condition RASH6 showed
phosphate solubilization of 202 &/ml with reduction of pH to 3.9 (Fig. 2b) on fdttth day in RP
minimal medium. After 15 days no further increasghosphate solubilization ability and reduction in
pH were observed (Fig. 2). The study showed rednci pH of media with increase in amount of
phosphate solubilized by rhizobial isolates. Wadpmhd Yoorff demonstrated that symbiotic nitrogenous
rhizobia, which fix atmospheric nitrogen into amr@and export the fixed nitrogen to the host plants
have also shown phosphate solubilization activitye PSMs are known to solubilize Ca-P complexes
mainly by lowering the pH of the media by secretarganic acid$3* Phosphate solubilizing bacteria
produced more available P by the production of migacids which act like chelates and solubilized
insoluble phosphords Phosphorus solubilization ability of PSB has direorrelation with pH of the
mediuni®. The decrease in phosphate solubilizing abilityeraf certain period of incubation in both
Pikovskaya’'s media and in RP media may be dueddumtion of certain toxic metabolites during late
log or decline phase or due to autolysis of calsuggested by Trivedi and®3a
The selected rhizobial RASH6 isolate also had thiéity of IAA, siderophore, ammonia and HCN
production.Isolate RASH6 produced 98.8@/ ml of IAA and 27.6% of siderophore units afté& A of
growth. PSB can exert a direct effect on plant growth thlowarious mechanisms such as phosphate
solubilization, production of phytohormones, biat@d nitrogen fixation, and increased iron nutritio
through iron-chelating siderophores and volatilenpounds that affect the plant signaling pathways
Most root promoting bacteria synthesize I1AA causmagid establishment of roots advantageous for
young seedlings as it increases their ability tohan themselves to the soil and to obtain water and
nutrients from their environment, thus enhancingjrticapacity for survival®® Microbial siderophores
are well known for their property to promote plagmbwth by supplying iroff. Siderophore production
also is one of the mechanisms involved in the slialion of iron-bound phosphorus by the
microorganismS. Ammonia produced by bacteria is taken up by plast a source of nitrogen for their
growth®. Earlier studies reported the role of HCN in digeimhibition in vitro conditiorf§.
HPLC analysis showed two peaks in case of non-ledfenedia, identified as succinic (305.14 pg/ ml)
and gluconic (16.86 g/ ml) acids by comparing rétention time with those of authentic standards. |
case of buffered media peak for citric acid (368154 ml) was also found in addition to succinic34~
pag/ml) and gluconic acids (24.20 ug/ml). The comeions of succinic and gluconic acids were higher
in buffered over non-buffered media, with the higthencrement observed for succinic acid (Fig. 3).
HPLC analysis showed the production of organic saéidmedia containing glucose. Hwangbal.*!
reported production of organic acids during theabelism of glucose, a mechanism responsible for the
dissolution of inorganic insoluble phosphate. Theoant of succinic and gluconic acids produced in
buffered media was higher than that in norfdyefli media may be due to enhanced requireofien
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organic acids for reduction of pH in buffered cdiwdfi. Only in buffering condition RASH6 showed
production of citric acid. Gyaneshwar al.° showed that oxalic and citric acid are most effecto
solubilize soil phosphates.

Invitro acid production analysis showed that tubes comtgiseedlings developed from seeds inoculated
with RASH6 developed a significant area of acidifion in both un-buffered and buffered conditiorg(F
4). This acidification can be ascribed to the putitn of organic acid/s. This assumption is madehen
basis that no acidification was observed aroundilsggs from non-inoculated seeds. Crespaal.*?
showed an intense acidification in the root envinent of tomato and wheat seedlings inoculated aith
G. diazotrophicus.

Treatment with phosphate solubilizing rhizobial asir RASH6 showed 20.10 % and 16.54 %
enhancement in root and shoot length over contraidn-buffering condition. However, in buffering
condition there was 16.31 % and 12.27 % enhanceafanbt and shoot length respectively. In bioth
vitro andin vivo studies, RASHG6 inoculation had a positive effectirthe chickpea growth parameters.
Best growth of chickpea plants was observed whéubkophosphate was added to soil both with and
without RASH6 treatment. Nodules developed onlycases of RASH6 treatment. In case of soil
amended with tricalcium phosphate and soluble phetgs there was 38.10 % and 52.38% enhancement
of nitrogenase activity over only soil control. Teevas 66.67 % enhancement in dry weight by RASH6
over control in absence of any phosphate amendmeldition of tricalcium phosphate RASH6 caused
131.82 % enhancement in dry weight in comparisorcdatrol (without RASH6 treatment in soil
amended with tricalcium phosphate). Soil amenddtl aoluble phosphate and RASH6 showed 152 %
increase in dry weight over control (Table 1). kse of the soil amended with tricalcium phosphate,
treatment with RASH6 had a significant effect omnl growth. This shows the role of rhizobia in
solubilization of insoluble forms of phosphate wtual soil conditions. It is a well-establishedtféitat
improved phosphorous nutrition influences overalanp growth and root developméht The
enhancement in nitrogenase activity of RASH6 inl sminended with phosphates indicates an
improvement in P nutrition of the plant resultingrh the solubilization of phosphates by inoculated
rhizobia. The enhancement in nitrogenase activtyatated with increase in nodulation angfiXation.

It is well-known that nodulation and,Mixation processes are P-depend&nRASH6 showed enhanced
PGP activity in soil amended with soluble phospltended soil over tricalcium amnded soil, indisate
that as phosphate is already available to plaatPtsolubilization mechanism of plant growth proigmot
was not effective in this condition, and other P@Echanisms are involvedhis is a known fact that
most of the phosphorous occur in insoluble fornsaisium phosphates in alkaline s8ilsSoil with Ca—P

as a major phosphorous source also has high gfeapacit{”. The present study reported rhizobial
isolate with strong Ca-P solubilizing activity evanbuffering condition. The plant growth promotory
bacteria having a number of beneficial mechanisors plant health improvement is of immense
importance to improve plant healthis a well known fact that phosphorus givesrsgth and maturity to
the crof®. Therefore, finding agricultural inoculants with higphosphate solubilizing capability in
buffered soil condition and nitrogen fixing abilitwould be of immense interest for sustainable
improvement of plant health.

Table 1: Effect of various treatments on growth othickpea plant

Root Shoot Fresh Dry Nodule Symbiotic
Treatment Length Length Weight (g) Weight (g) No./ Plant Nitrogenase
(cm) (cm) Activity (umol
C,H /plant/h)
Seed (Contro 07.17+0.01 | 12.1(°+0.0Z 0.57%+0.0Z 0.16+0.01 0.C? 0.0C
Seed + RASH6 10.£20.01 | 18.58:0.01 1.56+0.01 0.34+0.02 7.6+0.02 0.2%+0.01
Seed + R 07.8C+0.0z | 14.7(°+0.01 0.65%+0.0Z 0.22%+0.01 0.C3 0.0C
Seed + RP + RASH6| 114®.01 | 20.684:0.01 1.73+0.01 0.5%+0.02 8.5+0.01 0.28+0.01
Seed + SP 08.460.02 | 16.36+0.01 0.84+0.01 0.25+0.01 0.6 0.00
Seed + SP + RASt | 13.0C+0.01 | 19.7:%+0.0Z 2.1£+40.0Z 0.67%+0.01 9.5%+0.01 0.32%+0.02

Means in the columns followed by same superscefpéis indicate no significant difference (p = 0.0y Duncan’s multiple
range test. RP = Tricalcium phosphate, SBERO, + KH,PO,
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Fig.1: Phosphate solubilization by rhizobial isolates ing) Pikovskaya's and (b) RP minimal aga media

(@) (b)

Fig.2: Changes of pH and phosphate solubilized in medcontaining tricalcium phosphate during 30 days ofricubation
(a) Pikovskaya's broth (nc¢-buffering condition)
(b) RP minimal broth (buffering conditio
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Fig.3: HPLC chromatograms of culture supernatant of rhizohal isolate RASH®6 in (a) noi-buffered and (b)
buffered broth. SA = Succinic acid, GA = Gluconic aid, CA = Citric acid
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Fig.4: Acidification in the root environment of chickpea seedlings developed from non-inoculated seed
(control) and RASHG6 inoculated seeds

Acknowledgements

Authors are grateful to Vice Chancellor Chhatraggdihu Ji Maharaj University, Kanpur and Vice
Chancellor, BBA University, Lucknow, India for priokng the necessary facilities and support.

10.

11.

12.

REFERENCES
Schachtman, D.P. Reid, R.J. and Ayling, S.M., Phoggs uptake by plants: From soil to céllant
Physiol.,116 447-453 (1998)
Xiao, C.Q. Chi, R.A. Li, X.H. Xia, M. and Xia, Z.\lWBiosolubilization of rock phosphate by three
stress-tolerant fungal straimppl. Biochem. Biotechnol.,165 719-727 (2011)
Goldstein, A.H. Bacterial mineral phosphate solabtion: Historical perspective and future
prospectsAme. J. of Alternat. Agricul.1: 57-65 (1986)
Sashidhar, B. and Podile, A.R., Mineral phosphatahilization by rhizosphere bacteria and scope
for manipulation of the direct oxidation pathwayalving glucose dehydrogenasé. of Appl.
Microbiol., 109 1-12 (2010)
Rodriguez, H. and Fraga, R., Phosphate solubilizagjeria and their role in plant growth promotion.
Biotechnol. Adv., 17:319-339 (1999)
Gyaneshwar, P. Naresh Kumar, G. and Parekh, Lfféctef buffering on the phosphate solubilizing
ability of bacteriaW. J. Microbiol. Biotechnol., 14: 669-673 (1998)
Hamza, M.A. Understanding soil analysis data. ResaManagement technical report 327. Deptt. Of
agriculture and food government of western AusaralSSN 1039-7205 (2008)
Maliha, R. Samina, K. Najma, A. Sadia, A. and Fgrda, Organic acid production and phosphate
solubilizing microorganisms undar vitro conditions.Pak. J. Biol. ci., 7: 187-196 (2004)
Gyaneshwar, P., Kumar G.N., Parekh, L.J. and P&o&, Role of soil microorganisms in improving
P nutrition of plantsPlant and Soil, 245 83-93 (2002)
Brockwell, J. Bottomley, P.J. and Thies, J.E., Nafation of rhizobia microflora for improving
legume productivity and soil fertility: A criticassessmen®lant and Soil, 174 143-180 (1995)
West, S.A. Sanctions and mutualism stability: wimyrdizobia fix nitrogen®Proc. R. Soc. Lond. B,
269 685-694 (2002)
Abd-Alla, M.H., Use of organic phosphorus bighizobium leguminosarum biovar. viceae
phosphatase8®iol. Fertil. Soils.,18:216—-8 (1994)

Copyright © October, 2014; IJPAB 104



Naveen K. Arora et al Int. J. Pure App. Biosci. 2 (5): 97-106 (2014) ISSN: 2320051

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Deshwal, V.K. Dubey, R.C. and Maheshwari, D.K. lason of plant-growth promoting strains of
Bradyrhizobium (Arachis) sp. with biocontrol potential againstacrophomina phaseolina causing
charcoal rot of peanuCurr Sci, 84: 443-448 (2003)

Halder, A.K. Mishra, A.K. Bhattacharyya, P. and ®fadbartty, P.K., Solubilization of rock
phosphate birhizobium andBradyrhizobium. J. Gen. Appl. Microbiol. 36:81-92 (1990)

Halder, A.K. and Chakrabarty, P.K., Solubilizatiof inorganic phosphates by Rhizobiufolia
Microbiologia, 38: 325-330 (1991)

Rivas, R., Peix, A., Mateos, P.F., Trujillo, M.Bartinez-Molina, E. and Velazquez, E., Biodiversity
of populations of phosphate solubilizing rhizoliatt nodulates chickpea in different Spanish soils.
Plant and Soil, 287 23-33 (2006)

Peix, A.A. Rivas-Boyero, P.F. Mateos, C. Rodriglezrueco, E., Martinez-Molina, and Velazquez,
E., Growth promotion of chickpea and barley by agghate solubilizing strain dflesorhizobium
mediterraneum under growth chamber conditiorgil. Biol. Biochem.,33:103—-110 (2001)
Somasegaran, P., Handbook for rhizobia: methodedgnme-rhizobium technology. New York:
Springer-Verlagl67. 1-6 (1994)

Katznelson, H. and Bose, B., Metabolic activity gplibsphate-dissolving capability of bacterial
isolates from wheat roots, rhizosphere, and noredihere soilCan. J. Microbial.,5: 79-85 (1959)
APHA, Standard methods for the examination of wated waste water, 21Ed, American Public
Health Association, American Water Works Associati®& Water Environment Federation,
Washington, DC, (2012)

Schwyn, B. and Neilands, J.B., Universal chemicadag for the detection and determination of
siderophoresAnal. Biochem.,160:47-56 (1987)

Payne, S.M., Detection, isolation and charactédnadf siderophoresviethods Enzymol.,235 329—
344 (1994)

Bric, J.M., Bostock, R.M. and Silversone, S.E., Hdp situ assay for indoleacetic acid production
by bacteria immobilization on a nitrocellulose mearte. Appl. Environ. Microbiol.,57: 535-538
(1991)

Bakker,W.A. and Schippers, B., Microbial cyanidedurction in the rhizosphere in relation to potato
yield reduction andPseudomonas sp. mediated plant growth stimulaticguil Biol. Biochem.,19: 451-
457 (1987)

Dastager Syed, G., Deepa, C.K. and Pandeyisélation and characterization of novel plant gtowt
promotingMicrococcus sp NII-0909 and its interaction with cowpé&4antPhysiol. Biochem., 48(12)
987-992 (2010)

Fahraeus, G., The infection of clove root hairsnmgule bacteria studied by simple glass slide
techniqueJ. of Gen. Microbial., 16: 347-381 (1957)

Engelke, T.H., Jagadish, M.N. and Puhler, A., Baital and genetical analysis Bf melelcti
mutants defective in G- dicarboxylate transpow. Gen. Microbiol.,133 3019-3029 (1987)

Khare, E. and Arora, N.K., Effect of Indole-3-AaetiAcid (IAA) Produced by Pseudomonas
aeruginosa in Suppression of Charcoal Rot Diseb€&ickpea Curr. Microbiol., 61: 64—-68 (2010)
Trivedi, P. and Tongmin, Sa., Pseudomonas corrugif@RL B-30409) Mutants Increased
Phosphate Solubilization, Organic Acid Productiamg Plant Growth at Lower Temperatur€arr.
Microbial.,56: 140-144 (2008)

Minchin, F.R., Witty, J.F., Sheehy, J.E. and Mullst., A major error in the acetylene reduction
assay: decreases in nodular nitrogenase activithieruassay conditionsl. Exp. Bot.,34: 641-649
(1983)

Joseph, S. and Jisha, M.S., Buffering reduces thsghate solubilizing ability of selected straiffis o
bacteriaW. J. of Agricul. <., 5(1): 135-137 (2009)

Walpola, B.C. and Yoon, M.H., Prospectus of phosphaolubilizing microorganisms and
phosphorus availability in agricultural soils: Aview, Afr.J. of Microbiol. Res.,6(37) 6600-6605
(2012)

Copyright © October, 2014; IJPAB 105



Naveen K. Arora et al Int. J. Pure App. Biosci. 2 (5): 97-106 (2014) ISSN: 2320051

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Kucey, R.M.N. Janzen, H.H. and Legett, M.E., Midedly mediated increase in plant available
phosphorusAdv. Agron.,42: 198-228 (1989)

Nahas, E., Factors determining rock phosphate #iakation by microorganisms isolated from soil.
W. J. Microbiol. Biotechnol., 12: 567-572 (1996)

Qureshi, M.A. Ahmad Z.A., Akhtar N., Igbal A., M@b F. and Shakir M.A., Role of phosphate
solubilizing bacteria (PSB) in enhancing p avaiigbiand promoting cotton growtlihe J. of Ani.
and Plant ci.,22(1) 204-210 (2012)

Khan, K.S. and Joergensen, R.G., Changes in mardiibmass and P fractions in biogenic
household waste compost amended with inorganicritiZers. Bioresour. Technol.,100303-309
(2009)

Hariprasad, P. And Niranjana, S.R., Isolation arwhracterization of phosphate solubilizing
rhizobacteria to improve plant health of tom&kant and Soil,316 13-24 (2009)

Patten, C.L. and Glick, B.R., Role of Pseudomonatida indoleacetic acid in development of the
host plant root systemppl. Environ. Micraobiol.,68:3795-3801 (2002)

Ahmad, F. Ahmad, I. and Khan, M.S., Screening eéfliving rhizospheric bacteria for their multiple
plant growth-promoting activitiedlicrobiol. Res., 163 173181 (2008)

Voisard, C. Keel, C. Haas, D. and De’fago, G., @eamproduction by Pseudomonas fluorescens
helps suppress black root rot of tobacco underajpatic conditionsEMBO J.,8: 351-358 (1989)
Hwangbo, H., Park, R.D., Kim, Y.W., Rim, Y.S., PalkkH., Kim,T.H., Suh, J.S., and Kim,K.Y., 2-
Ketogluconic acid production and phosphate solzdiilon by Enterobacter intermediur@urr.
Microbial., 47: 87-92 (2003)

Crespo, J.M. Boiardi, J.L. and Luna, M.F., Minerphosphate solubilization activity of
gluconacetobacter diazotrophicus under P-limitafond plant root environmenigricul. Sci.,2(1):
16-22 (2011)

Jones, D.L. and Darrah, P.R., Role of root derimeghnic acids in the mobilization of nutrients from
the rhizosphereRlant and Soil,166.247-257 (1994)

Barea, J.M. Pozo M.J. Azcon R. and Azcon-AguilarMicrobial co-operation in the rhizosphede.
of Exp. Bot., 56: 1761-1778 (2005)

Ae, N. Arihara, J. and Okada, K., In Phosphorusrition of Grain Legumes, eds Johansen, C., Lee,
K.K. & Sharawat, K.L. India: International Crops $®arch Institute for the Semi-Arid Tropics. pp.
33-41 (1991)

Akhtar, N. Arshad, I. Shakir, M.A. Qureshi, M.A. I8&h, J. and Ali, L., CO-inoculation with
Rhizobium and Bacillus sp to improve the phosphorus availability and yiefdwheat Triticum
aestivum L.). The J. of Ani. and Plant ci.,23(1) 190-197 (2013)

Copyright © October, 2014; IJPAB 106



