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ABSTRACT

Chelators are long known to enhance the phospleéibikzing efficiency in soil. Production of organacids is
not the only mechanism of phosphate solubilizatis, soil is a good buffer medium, phosphate sdikdtion cannot
occur only because of the production of acid awdeling of pH. Since the organic acids are knowibriog about the
solubilization of phosphorus either by lowering tiig or by chelating with calcium, the amount of gphborus released
can be considered to be largely due to the proglucif these acids. Thus apart from acidic enviramnige production of
chelators liken, — ketogluconic acid seems to play a major rol® isolubilization from Tricalcium phosphate (TCPHan
Udaipur rock phosphate (URP). The previous expertmeavith lower initial pH values have failed to shefficient P
solubilization. In the present study the solubtiza efficiency of the organisnCitrobacter freundii in presence of
different concentrations of EDTA was studied inardo know the effect of chelators on solubilizati@wo phosphate
sources Udaipur Rock Phosphate and Tri-calciumgiate were inoculated with the organism and diffecencentration

of EDTA and the resulting solubilization was comgzhwith the control un-inoculated with EDTA.
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INTRODUCTION

Phosphate solubilizers have been found to produoceonarboxylic acid (acetic, formic); monocarboxylic
hydroxy (lactic, gluconic, glycolic); monocarboxylketo (2-keto gluconic); dicarboxylic (oxalic, simic); dicarboxylic
hydroxy (malic, maleic) and tricarboxylic hydroxgit(ic) acids in liquid media from simple carbohgtes (Rose, 1957;
Sperber, 1957; Louw and Webley, 1959; Taha ., 1969; Nahas, 1996 and Maheshkueia., 1999).

Sethi and Subbara Rao (1968); Pareek and Gaur X18%B Salihet al. (1989) have showed the release of
phosphate from TCP and RP (rock phosphate) by argaids. In the present study efforts were maddeatify the type
of organic acids produced by the organism. Thesapidduced were identified as tartaric acid andketogluconic acid.

a — ketogluconic acid is known to be the powerfuglaktor of calcium (Katznelscet al., 1962; Haldegt al., 1992).

Since the organic acids are known to bring abacaistilubilization of phosphorus either by lowerihg pH or by
chelating with calcium, the amount of phosphorusased can be considered to be largely due tortsguption of these
acids. Thus apart from acidic environment the petida of chelators like — ketogluconic acid seems to play a major role
in P solubilization from TCP and URP as the presiedperiments with lower initial pH values failedlgshow efficient P
solubilization. For efficient solubilization inifigood growth and simultaneous production of theggnic acid seems to

be a major requirement (Gyaneshwial., 1998).
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Several workers have reported the production ofimigy acids by organisms likBseudomonas fluorescens

(Dave and Patel, 199%Bacillus megaterium, B.circulans andEscherichia freundii (Bajpai and Sundara Rao, 1971).

a - ketogluconic acid can solubilize phosphorus withconcomitant decrease in pH as observed by &uaf.
(1962). Since the given organism produces ketogluconic acid, this chelator might be helpfu bringing about
solubilization of phosphorus even under buffereddiion. As the organism is capable of solubilizegficient amount of

phosphorus under buffered conditions, it can bd asean inoculant in soil for phosphorus solubilma

MATERIALS AND METHODS
Inoculum Preparation

A flask containing 100 ml of nutrient broth was ¢atated with culture from Pikovskaya agar slant amdibated
at 30x 2 °C for 48 hr. The cells were separated from the omadiy centrifugation at 10,000 rpm for 20 minuteashed
twice with distilled water and resuspended in &edistilled water such that it gave 1.0 O.D. aD@tn. 1.0 O.D.
suspension contained 8.7 x°@6lls/ml. This suspension was used as an inocuhlhthe steps were carried out under

aseptic conditions.

Inoculation and Growth Conditions
Culture Media
» Pikovskaya’s broth: Pikovskaya’'s broth containing tricalcium phosph@e€P) equivalent to 50 mg %®; was

used.
* Modified Pikovskaya's broth :
« EDTA 1 to 5 mg/ ml was added to the Pikovskayattibmedium containing TCP equivalent to 50 mg 8P

+ EDTA at1to5 mg/ ml concentration was incorpedin the Pikovskaya'’s broth in which TCP was repthby
URP equivalent to 50 mg %®:.

Solution of Chelator: 50 mg EDTA was dissolved in 50 ml distilled water.
Nutrient Broth: This medium was used to prepare inoculum.

The reaction of organic acids with TCP is one afl atissolution, the amount of phosphate releasqubmiting
primarily on the strength of the acid. When dibaaitl tribasic acids were used, a secondary effgmaed due to the
ability of these acids to form unionized associatechpounds with C3, thus removing Ca from solution and soluble
phosphate concentration was increased, the effect whelation. Calcium was chelated to a small éxteith
alpha- hydroxy aliphatic monobasic acid (lacticprenstrongly with dibasic acids (malic and tartpaad most strongly
with a tribasic acid (citric). Among the dibasidgphlatic acids, the hydroxy derivatives formed ttrersgest complexes and
alpha- substitution by the hydroxyl group of arphéitic acid exhibited a greater effect than betésstution of the same
acid. Chelation also occurred with the dibasic atienacid but did not occur to any appreciable mxteith mono- basic

aromatic acids.
RESULTS AND DISCUSSIONS

EDTA is a powerful chelating agent and the effettddferent concentrations of EDTA on TCP and URP

solubilization was studied. The TCP and URP soizdtions were enhanced with the addition of EDTAha medium as
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presented in table.
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From Table 1 it is evident that the maximum TCRubbization occurred on" or 3 day with all concentrations
of EDTA. The phosphate from TCP was solubilized imelly (93.21 mg% BOs) with 1 mg concentration of EDTA on

3Y day. Table 2 reveals that addition of EDTA causedrease in the URP solubilization. The maximum URP

solubilization (20.79 mg %) was observed on thed@y with 1 mg concentration of EDTA. Enhanced T&f®l URP

solubilization indicate that the addition of EDT&chelator of divalent cations, to phosphate sbhihg cultures increase

the level of soluble Phosphorus. The pH remainddi@evith all concentrations of EDTA. The maximumidity was

observed during URP solubilization on thé"ifay with 2 mg concentration of EDTA. The maximuati fn the pH was
3.31 in TCP and 3.3 in URP solubilization. In teisidy it was observed that addition of EDTA enhante extent of
phosphate solubilization. Similar results were oied by Haldeet al. (1990) when they tested the effect of chelatioriPon

solubilization on the strain dradyrhizobium. Addition of increasing concentration of EDTA cadise linear increase in

the dissolution of hydroxyapatite till complete alization.

Table 1: Effect of Different Concentrations of EDTAon TCP Solubilization by C.Freundii

Days of Incubation
EDTA
(Mg /MI) 1 2 3 | 4 5 6 7
Mg % P,Os * (Ph)

00.47x| 8177 | 7214002| 6835+ | 50.67 27.7 +0.41
084 | 071 48.8 £0.34

0 | mose| (ao1e | (48 0.61 2020 | (BOI0ON @5
soo | Gan | 009 | (341:016) (3752010 90 0.05)
53.010,

. 61 | 79.120.08 | P31 13.2220.27) 31.32:0.35| 1113022 | O JE 0%
(5.0:0. | (481:0.34) 4| (41050.05)| (3.9120.14)| (381:0.20)| 5
s +0.11) 25)
60.16% ra0n | 1011

, 079 | 71.2+0.48 | 69.98+1.23| 53.32:057| 47.6:0.79 | 2502 0.28
(4.95 | (4.65:0.06)| (4.5110.65)| (3.99:0.01)| (3.82¢0.65)| (35010 (355
+0.04) 610, 0.66)
40.2%0.| L35t | oo 2061 | 1211

; 30 0.65 098+ | 36.7240.48| 30.1640.30|  +1.33 0.44
(456:0| (@42 |, LI5  |(386:0.00)) (3642020) (352 | (344
19) | o0z | @130 +019) |  050)
39.82¢ | 4077t | 38.16% o 05107

. 022 | 123 052 | 36.71:0.25| 24.2120.32| 12.101043| >
(438:0) (413 | (3.92¢ |(3510.10)| (33120.21)| (3.42:0.02) (oP3
09) | 0.90) 0.04) '
39.79% 38.21z

] 022 | ‘09 | 058 | 35.67:058| 12.61:053| 10.12:0.30) > (%005
(437 |, 530 | @98: | (352:002)| (3.42:010)| (3.30:0.09) (33L
+0.06) | 122019 g 50) 09)

*=net POs solubilized after deduction of respective control

Table 2: Effect of Different Concentrations of EDTAon URP Solubilization byC. Freundii.

Days of Incubation
(Egm) 3 6 9 | 1 15
Mg % P,0Os(Ph)
0 10.78+0.51 16.13+0.37 | 10.11+0.30 18.8+0.89 | 10.20£0.20
(3.62+0.05)| (3.61+0.20) | (3.5+0.12)| (3.57+0.04) | (3.98+ 0.20)
1 15.56+ 0.53 20.79£0.31 | 21.54+£0.89| 10.11+0.33 | 19.55+0.61
(4.51+ 0.04) | (3.65+0.41) | (3.53+0.04)| (3.5+0.09) | (3.33+0.19)
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Table 2: Contd.,

) 15.56+ 0.53 | 20.56+0.61 | 19.55+0.61] 17.5+0.37 | 6.4+0.42
(4.51+0.04) | (3.71£0.05) | (3.62+0.34)| (3.5+0.20) | (3.3+0.04)

3 16.76 +0.41| 19.31x049 | 175+0.37| 16.13x0.37 | 8.26%0.29
(4.43+0.12) | (4.02+0.20) | (3.71% 0.40)| (3.61+0.04) | (3.41+ 0.05)
1721+045| 188+023 | 195+064| 155+052 | 14.6+0.72
(4.41+0.61)| (3.89+0.05) | (3.61+0.20)| (3.59+0.10) | (3.5+ 0.60)
17.21+0.45| 1955+061 | 19.5:0.64 | 13.33+0.39 | 10.20% 0.20
(4.41+0.61)| (4.21£0.02) | (3.61+ 0.20)| (3.65 +0.20)| (3.51+ 0.10)
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CONCLUSIONS

The presence of low levels of ¥and EDTA in the medium enhanced phosphate solalidia

(Nautiyal et al, 2000). The principal underlying mechanism of attaf chelators is formation of unionized associatio

compounds with Ca++, Fe++, Al+++ and thus, incregsoluble phosphate concentration by scavengioggitate from

mineral phosphates. EDTA, in case of control treatis, was found to increase progressively solublevBls in the

medium.
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