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ABSTRACT  

Chelators are long known to enhance the phosphate solubilizing efficiency in soil. Production of organic acids is 

not the only mechanism of phosphate solubilization. As, soil is a good buffer medium, phosphate solubilization cannot 

occur only because of the production of acid and lowering of pH. Since the organic acids are known to bring about the 

solubilization of phosphorus either by lowering the pH or by chelating with calcium, the amount of phosphorus released 

can be considered to be largely due to the production of these acids. Thus apart from acidic environment the production of 

chelators like α – ketogluconic acid seems to play a major role in P solubilization from Tricalcium phosphate (TCP) and 

Udaipur rock phosphate (URP). The previous experiments with lower initial pH values have failed to show efficient P 

solubilization. In the present study the solubilization efficiency of the organism Citrobacter freundii in presence of 

different concentrations of EDTA was studied in order to know the effect of chelators on solubilization. Two phosphate 

sources Udaipur Rock Phosphate and Tri-calcium phosphate were inoculated with the organism and different concentration 

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

Phosphate solubilizers have been found to produce monocarboxylic acid (acetic, formic); monocarboxylic 

hydroxy (lactic, gluconic, glycolic); monocarboxylic keto (2-keto gluconic); dicarboxylic (oxalic, succinic); dicarboxylic 

hydroxy (malic, maleic) and tricarboxylic hydroxy (citric) acids in liquid media from simple carbohydrates (Rose, 1957; 

Sperber, 1957; Louw and Webley, 1959; Taha et al., 1969; Nahas, 1996 and Maheshkumar et al., 1999). 

Sethi and Subbara Rao (1968); Pareek and Gaur (1973) and Salih et al. (1989) have showed the release of 

phosphate from TCP and RP (rock phosphate) by organic acids. In the present study efforts were made to identify the type 

of organic acids produced by the organism. The acids produced were identified as tartaric acid and α - ketogluconic acid.    

α – ketogluconic acid is known to be the powerful chelator of calcium (Katznelson et al., 1962; Halder et al., 1992).  

Since the organic acids are known to bring about the solubilization of phosphorus either by lowering the pH or by 

chelating with calcium, the amount of phosphorus released can be considered to be largely due to the production of these 

acids. Thus apart from acidic environment the production of chelators like α – ketogluconic acid seems to play a major role 

in P solubilization from TCP and URP as the previous experiments with lower initial pH values failed to show efficient P 

solubilization. For efficient solubilization initial good growth and simultaneous production of these organic acid seems to 

be a major requirement (Gyaneshwar et al., 1998). 
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Several workers have reported the production of organic acids by organisms like Pseudomonas fluorescens      

(Dave and Patel, 1999), Bacillus megaterium, B.circulans and Escherichia freundii (Bajpai and Sundara Rao, 1971).  

α - ketogluconic acid can solubilize phosphorus without concomitant decrease in pH as observed by Duff et al. 

(1962). Since the given organism produces α - ketogluconic acid, this chelator might be helpful in bringing about 

solubilization of phosphorus even under buffered condition. As the organism is capable of solubilizing sufficient amount of 

phosphorus under buffered conditions, it can be used as an inoculant in soil for phosphorus solubilization. 

MATERIALS AND METHODS 

Inoculum Preparation 

A flask containing 100 ml of nutrient broth was inoculated with culture from Pikovskaya agar slant and incubated 

at 30 ± 2 °C for 48 hr. The cells were separated from the medium by centrifugation at 10,000 rpm for 20 minutes, washed 

twice with distilled water and resuspended in sterile distilled water such that it gave 1.0 O.D. at 660 nm. 1.0 O.D. 

suspension contained 8.7 x 109cells/ml. This suspension was used as an inoculum. All the steps were carried out under 

aseptic conditions. 

Inoculation and Growth Conditions 

Culture Media 

• Pikovskaya’s broth: Pikovskaya’s broth containing tricalcium phosphate (TCP) equivalent to 50 mg % P2O5 was 

used. 

• Modified Pikovskaya’s broth : 

• EDTA 1 to 5 mg/ ml was added to the Pikovskaya’s broth medium containing TCP equivalent to 50 mg % P2O5. 

• EDTA at 1 to 5 mg / ml concentration was incorporated in the Pikovskaya’s broth in which TCP was replaced by 

URP equivalent to 50 mg % P2O5. 

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 of acid dissolution, the amount of phosphate released depending 

primarily on the strength of the acid. When dibasic and tribasic acids were used, a secondary effect appeared due to the 

ability of these acids to form unionized associated compounds with Ca2+, thus removing Ca2+ from solution and soluble 

phosphate concentration was increased, the effect was chelation. Calcium was chelated to a small extent with                

alpha- hydroxy aliphatic monobasic acid (lactic), more strongly with dibasic acids (malic and tartaric) and most strongly 

with a tribasic acid (citric). Among the dibasic aliphatic acids, the hydroxy derivatives formed the strongest complexes and 

alpha- substitution by the hydroxyl group of an aliphatic acid exhibited a greater effect than beta- substitution of the same 

acid. Chelation also occurred with the dibasic aromatic acid but did not occur to any appreciable extent with mono- basic 

aromatic acids. 

RESULTS AND DISCUSSIONS 

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

solubilization was studied. The TCP and URP solubilizations were enhanced with the addition of EDTA in the medium as 
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presented in table. 

From Table 1 it is evident that the maximum TCP solubilization occurred on 2nd or 3rd day with all concentrations 

of EDTA. The phosphate from TCP was solubilized maximally (93.21 mg% P2O5) with 1 mg concentration of EDTA on 

3rd day. Table 2 reveals that addition of EDTA caused increase in the URP solubilization. The maximum URP 

solubilization (20.79 mg %) was observed on the 6th day with 1 mg concentration of EDTA. Enhanced TCP and URP 

solubilization indicate that the addition of EDTA, a chelator of divalent cations, to phosphate solubilizing cultures increase 

the level of soluble Phosphorus. The pH remained acidic with all concentrations of EDTA. The maximum acidity was 

observed during URP solubilization on the 15th day with 2 mg concentration of EDTA. The maximum fall in the pH was 

3.31 in TCP and 3.3 in URP solubilization. In this study it was observed that addition of EDTA enhanced the extent of 

phosphate solubilization. Similar results were obtained by Halder et al. (1990) when they tested the effect of chelation on P 

solubilization on the strain of Bradyrhizobium. Addition of increasing concentration of EDTA caused a linear increase in 

the dissolution of hydroxyapatite till complete solubilization. 

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

EDTA 
(Mg /Ml) 

Days of Incubation 
1 2 3 4 5 6 7 

Mg % P2O5 * (Ph) 

0 

60.47± 
0.84 

(3.98± 
0.06) 

67.77± 
0.71 

(3.81± 
0.21) 

72.1 ±0.02 
(3.48± 
0.05) 

68.35± 
0.61 

(3.41±0.16) 

50.67 
±0.20 

(3.75±0.10) 

48.8 ±0.34 
(3.59±0.21) 

27.7 ±0.41 
(3.51± 
0.05) 

1 

53.0±0.
61 

(5.0±0.
27) 

79.1 ±0.98 
(4.81±0.34) 

93.21±2.99 
(4.65 
±0.11) 

13.22±0.27 
(4.10±0.05) 

31.32±0.35 
(3.91±0.14) 

11.1±0.22 
(3.81±0.20) 

6.17± 0.36 
(3.65± 
0.25) 

2 

60.16±
0.79 
(4.95 
±0.04) 

71.2±0.48 
(4.65±0.06) 

69.98±1.23 
(4.51±0.65) 

53.32±0.57 
(3.99±0.01) 

47.6±0.79 
(3.82±0.65) 

23.02 
±0.15 

(3.61±0.05) 

10.11± 
0.28 

(3.55± 
0.66) 

3 

40.2±0.
30 

(4.56±0
.19) 

51.35± 
0.65 

(4.42± 
0.02) 

40.98± 
1.76 

(4.13±0.02) 

36.72±0.48 
(3.86±0.09) 

39.16±0.30 
(3.64±0.20) 

20.61 
±1.33 
(3.52 
±0.19) 

12.11± 
0.44 

(3.44± 
0.50) 

4 

39.82±
0.22 

(4.39±0
.09) 

40.77± 
1.23 

(4.13± 
0.90) 

38.16 ± 
0.52 

(3.92± 
0.04) 

36.71±0.25 
(3.51±0.10) 

24.21±0.32 
(3.31±0.21) 

12.10±0.43 
(3.42±0.02) 

6.89± 1.07 
(3.43± 
0.12) 

5 

39.79±
0.22 
(4.37 
±0.26) 

40.66± 
1.36 

(4.12±0.14) 

38.21± 
0.58 

(3.98± 
0.20) 

35.67±0.58 
(3.52±0.02) 

12.61±0.53 
(3.42±0.10) 

10.12±0.30 
(3.30±0.09) 

5.76± 0.32 
(3.31± 
0.05) 

          *=net P2O5 solubilized after deduction of respective control 

Table 2: Effect of Different Concentrations of EDTA on URP Solubilization by C. Freundii. 

EDTA    
(mg /ml) 

Days of Incubation 
3 6 9 12 15 

Mg %  P2O5 (Ph) 

0 
10.78±0.51 

(3.62 ± 0.05) 
16.13 ± 0.37 
(3.61 ± 0.20) 

10.11±0.30 
(3.5 ± 0.12) 

18.8± 0.89 
(3.57± 0.04) 

10.20± 0.20  
(3.98± 0.20) 

1 
15.56± 0.53 
(4.51± 0.04) 

20.79± 0.31 
(3.65 ± 0.41) 

21.54± 0.89 
(3.53± 0.04) 

10.11±0.33 
(3.5 ± 0.09) 

 19.55± 0.61 
(3.33± 0.19)  
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Table 2: Contd., 

2 
15.56± 0.53 
(4.51± 0.04) 

20.56± 0.61 
(3.71± 0.05) 

19.55± 0.61 
(3.62± 0.34) 

17.5± 0.37 
(3.5± 0.20) 

 6.4± 0.42  
(3.3± 0.04)  

3 
16.76 ± 0.41 
(4.43± 0.12) 

19.31± 0.49 
(4.02 ± 0.20) 

17.5 ± 0.37 
(3.71± 0.40) 

16.13±0.37 
(3.61± 0.04) 

8.26± 0.29  
(3.41± 0.05)  

4 
17.21 ± 0.45 
(4.41 ± 0.61) 

18.8 ± 0.23 
(3.89 ± 0.05) 

19.5 ± 0.64 
(3.61± 0.20) 

15.5± 0.52 
(3.59± 0.10) 

14.6± 0.72  
(3.5± 0.60)  

5 
 

17.21 ± 0.45 
(4.41 ± 0.61) 

19.55 ± 0.61 
(4.21± 0.02) 

19.5±0.64 
(3.61± 0.20) 

13.33± 0.39 
(3.65 ± 0.20) 

10.20± 0.20  
(3.51± 0.10)  

 
CONCLUSIONS 

The presence of low levels of Ca2+and EDTA in the medium enhanced phosphate solubilization                 

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

compounds with Ca++, Fe++, Al+++ and thus, increasing soluble phosphate concentration by scavenging phosphate from 

mineral phosphates. EDTA, in case of control treatments, was found to increase progressively soluble P levels in the 

medium.  
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