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ABSTRACT

The fact that the most of the bacteria isolated from the soil have the ability to dissolve rock phosphates both in the
soil and in the culture medium is well known. The microorganisms produce low molecular mass organic acids, which
attack the phosphate structure and transform phosphorus from non-utilizable to the utilizable for the plants form.

The objective of the present study is to establish the effect of the rock phosphate concentration in the liquid
medium and its particle size. As well as the duration of the bioconversion on the solubilization of Tunisian phosphorite by
Erwinia sp. and Azotobacter sp. isolated from soil. It was established that the lower the concentration of the phosphate
in the nutritive medium the greater is the conversion percentage of P,O, into soluble forms. Also Azotobacter sp. have
higher ability to dissolve Tunisian phosphorite than Erwinia sp. A maximum degree 96.7 % of P,O, extraction has been
obtained for the period of 12 days of incubation of Azotobacter sp. when in the medium was added 0.5 % w v’ phosphate
with particle size below 0.2 mm. Investigations with Erwinia sp. showed that a maximum extent of 76.6 % of the phosphate
solubilization has been observed on the 6" day of incubation at phosphorite concentration of 0.5 % w v''. It was observed
a negative correlation between the degree of P,O; extraction and the culture pH and a positive correlation between the
titratable acidity and the quantity of phosphorus released.

Keywords: Erwinia sp., Azotobacter sp., organic acids, phosphate-solubilizing microorganisms, phosphorus ex-
traction, rock phosphate.

INTRODUCTION

It is well known that many microorganisms iso-
lated from the soil are able to dissolve different kinds
of rock phosphates in a liquid culture [1-4]. It is gen-
erally accepted that the major mechanism of the min-
eral phosphate solubilization is the action of organic
acids synthesized by bacteria. Organic acids that solu-
bilize phosphates are mainly: citric, lactic, gluconic,
2-ketogluconic, oxalic, tartaric, acetic, etc. [1, 3]. These
organic acids are sources of biotical generated H* ion
able to dissolve the mineral phosphate and to make it

available for the plant [5]. Many results indicate that
the phosphate solubilization is a consequence of the
decrease of pH due to the production of organic ac-
ids. However, no correlation could be established
between the acidic pH and the quantity of P,O; liber-
ated [1, 4].

The aim of this study is to establish the effect of
the rock phosphate concentration in the liquid nutri-
tive medium, the particle size of the phosphate and the
time of bioconversion on the dissolution of Tunisian
phosphorite by Erwinia sp. and Azotobacter sp. isolated
from the soil.
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Table 1. Chemical composition of Tunisian phosphorite with different particle size

(% ww).
Value of P,O;"
particle sze CaO MgO Al,O; Fe,0; K,O Na,0 SiO, F CO, H,O
(mm) tot. c.s.
below02 489 02 <01 05 01 13 11 32 50 1.1 296 10.1
from04 95 04 <01 03 01 14 10 35 48 12 314 99
t0 0.63

aP O. - total content of P,O;

27 5 tot.

EXPERIMENTAL

Tunisian phosphorite

The experiments have been carried out using two
particle size of Tunisian phosphorite (TP) - below 0.2
mm and in the range from 0.4 to 0.63 mm. The chemi-
cal composition of TP is shown in Table 1. The P,O
content was determined spectrophotometrically by
vanado-molibdate yellow complex [6]. A complexometric
method was used for CaO, Fe,O, and Al,O, determina-
tion, Atom Absorption Spectrophotometry (AAS) for
magnesium, flame spectrophotometry for potassium and
sodium, weight analysis for silicon, ion selective elec-
trode method for fluorine and volumetric analysis for
CO, as well.

Microorganisms

Two Gram-negative bacteria — Erwinia sp. and
Azotobacter sp., designated below as bacteria A and B,
were used. Bacteria were isolated from agricultural soils
on glucose-asparagine agar medium with freshly pre-
cipitated calcium phosphate. Before setting the experi-
ments cell suspensions for inoculation were prepared.
Bacteria were incubated in a rotary water bath shaker
for 30 h at 25°C. The amount of the viable bacterial
cells was checked by plate counts technique. Final con-
centration of suspension was 10° cfu ml™.

Experimental methods

The bioconversion of TP was achieved through
submerged incubation of the microorganisms in a lig-
uid nutritive medium containing (g dm?): glucose 20;
asparagines 1; K,SO, 0.2; MgSO,.7H,0 0.2;
K,HPO,.3H,0 0.5 and 0.02 % v v'' maize extract. The
nutritive medium was sterilized for 20 min at 110°C
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Scs.

- PO, soluble in 2 % citric acid

and 0.05 MPa. In 250 ml Erlenmeyer flask TP was added,
so that the TP concentration was 0.5, 1 and 2 % w v,
respectively. The flasks were covered with cotton stop-
per and aluminum foil and sterilized for 3 h at 140°C.
After cooling to room temperature 100 ml of nutritive
medium and 2 ml of the bacterial suspension of bacte-
ria A and B were put to each flask. The flasks were
incubated in a shaking water bath at 25+ 1°C for 15
days. At every 3 days (3%, 6, 9, 12" and 15" day) the
content of the flasks was centrifuged and pH, glucose
concentration [7], titratable acidity through titration with
0.1 N NaOH and content of water-soluble P,O;
(P,Oy ) in this first filtrate (C,) were determined. The
precipitate (biomass and remaining mineral mass) was
processed for 2 h at room temperature stirring with 80
ml 2 % citric acid. After filtration, the content of cit-
rate-soluble P,O, (P,O, ) in the second filtrate (C,)
was determined.

On the basis of the results obtained the extent of
extraction of P,O, from phosphorite to the water-soluble
(at;) and the citrate-soluble (¢r, ) as well as the total ex-
tent of P,O, extraction (¢ ) were determined as follows:

P,0
o, =——2"5100. (%) (1)
2 ~’5tot.
P,0
o, =——°°100. (%) 2)
ZOStot.
o=0,+0,, (%) €)

where P,O, - P,O, content in the first filtrate (g);
P.O - P,O; content in the second filtrate (g);

275 cs.

PO, . - total content of P,Oy in the system (g).

275 tot.
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Fig. 1. Change in the extents of P,O extraction (/. (¢, and

O ) by bacteria B in nutritive medium containing 0.5 % w vt TP

RESULTSAND DISCUSSION

Fig. 1 presents the results of the investigations
with bacteria B at the lowest TP concentration (0.5 % w
v'!) in the nutritive medium using both phosphate frac-
tions. The lower the TP fraction the higher the degrees
of P,O;extraction were obtained. ¢¢ achieves a maxi-
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Fig. 2. Change in the extents of P,0, extraction (0, o, and (t)

by bacteria B in nutritive medium containing 1 % w v* TP (particle

size 0.4 - 0.63 mm).
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Fig. 3. Change in the extents of P,O, extraction (¢, @, and ()
by bacteria B in nutritive medium containing 2 % w v TP

mum of 96.7 % on the 12" day for the lower particle
size. It reaches 92.2 % on the 6" day of incubation for
the higher particle size, respectively.

At TP concentration 1 % w v and particle size
from 0.4 to 0.63 mm the total degree reaches 55.3 %
on the 9 day (Fig. 2).

When the concentration of TP is increasing in
the medium (2 % w v') the extent of P,O, extraction in
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Fig. 4. Change in the extents of P,O, extraction (¢, o, and

o) by bacteria A in nutritive medium containing different TP
concentrations (particle size below 0.2 mm).
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- a0 (Ao @ (5 Table 2. Results from the biochemical processing of
—— 0 (A)o— @ (B) Tunisian phosphorite (particle size below 0.2 mm and
g —»- 0. (A) - a(B) concentrations in the culture 0. 5, 1 and 2 % w v'') with
,E w5 607 M bacteria A.
- Titratabl P,O
S g Day pH Glucose ! 2} E.i ¢ 20
""'A 404 acidity C, C, C=C+C,
= e’ Egnl’ el
- 0.5% TP
E =3 20 W 30 39 13,0 5.2 03 08 1,0
3 ] 60 39 97 7,4 0,3 0,8 1,1
90 39 94 5.6 0,3 0,7 1,0
— s .
120 39 90 4,0 0,3 0,7 1,0
0 . ) ' . : 15,0 3,9 9,0 42 0,3 0,7 1,0
? 6 ? = 15 3,0 3,8 13,0 (;%TPO3 0,8 1,1
9 9 bl 5’ 9 9 9
Time (days) 60 38 95 6,6 0,3 1,1 1,4
. . _ 90 3,8 95 5.4 0,3 0,9 1,2
Elg.bS. Change |r:jthe-@<tent‘s‘of Pzzlearactlor.\ (_051’ (262 and_loc) 12,0 42 9.0 52 0.3 0.9 11
Y g:tengA and B in nutritive medium containing 1 % w v* TP 150 42 8.7 46 0.3 0.8 1.1
(particle size below 0.2 mm).
2% TP
. e 3,0 3,8 12,2 7,4 0,3 1,0 1,3
luble fi Fig. 3 ficantly 1 d : 2 2 2 ’ : 2
so' uble forms (Fig. 3) is sgm icantly lower compare 60 38 1.7 8.6 03 10 13
with phosphate concentration of 0.5 % w v (Fig. 1). 9.0 37 113 102 0.3 1.0 13
The total degree of PO, extraction (¢¢ ) reaches maxi- 12,0 3,8 10,1 10,6 0,3 1,1 1,4
mum on the 12* day and its value is 36.5 % for particle 150 3,9 9,9 10,6 0,3 1,1 1,3

size below 0.2 mm. It is 27.8 % for fractions 0.4 - 0.63
mm, respectively.

Similar trend can be observed when bacteria A
was used (Fig. 4). At a concentration of TP 0.5 % w v'!
the total degree reaches value 76.6 % on the 6™ day and
only 23.5 % for 2 % w v concentration of TP on the
12" day, respectively.

As shown on Fig. 5 bacteria B has better solubi-
lizing activity compared with bacteria A. When bacte-
ria B was used the highest total degree of P,O, extrac-
tion (@) is 56.5 % on 9" day, while with bacteria A
reaches maximum of 46.2 % on the 6" day. The differ-
ence between bacteria A and bacteria B is essential con-
sidering the values of the extent of conversion of P,O,

to water-soluble form (o).

Table 2 represents the results from the culture
pH, glucose concentration, titratable acidity, C, and C,,
as well as the total concentration of P,O, (C=C + C)
for experiments with bacteria A for TP concentration
0.5, 1 and 2 % w v''. The initial pH of the nutritive
medium is 7.4. As observed from the data, pH has val-
ues between 3.9 and 4.2 and fell considering to the low-
est values on the 9* day.
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A significant relationship was detected between
solubilization, measured as soluble phosphate and ti-
tratable acidity in the culture medium (Table 2, Figs. 4
and 5). The correlation coefficients between soluble
phosphate and titratable acidity are: 0.89 at 0.5 % w v'!
TP, 0.97 at 1 % wv'! TP and 0.90 at 2 % w v'! TP, respec-
tively. Instead of the fact that the values of titratable acid-
ity achieved higher value (10.6 uEq ml!) after 9 days of
the bioconversion of TP (2 % w v!'), the phosphorus con-
centration did not change significantly (Table 2).

The relationship between the soluble phosphate
detected in the first and second filtrate expressed as P,O,
(C,and C,) and their sum (C), pH and titratable acidity
are shown in Tables 2, 3 and 4. Soluble phosphate lev-
els (C,, C, and C) were found to be nearly equivalent to
the two values of the particle size of TP by phosphate
concentration of 0.5 % w v (Tables 3 and 4). Above
this concentration, there was an increase in the amount
of the soluble phosphate. When TP with particle size
bellow 0.2 mm and concentration 2 % w v was used a
maximum value of soluble phosphate 2.2 g dm? up to
the 12" day was observed. This maximum amount of
phosphorite solubilized corresponded to the highest
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Table 3. Results from the biochemical processing of
Tunisian phosphorite (particle size below 0.2 mm and
concentrations in the culture 0. 5, 1 and 2 % w v!) with

Table 4. Results from the biochemical processing of
Tunisian phosphorite (particle size 0.4-0.63 mm and
concentrations in the culture 0.5 and 2 % w v') with

bacteria B. bacteria B.
Day pH Glcose Titr&.ltﬁ}ble P,05 Day pH  Glucose Titra.te}ble P,05
acidity C C, C=C+C acidity C, C, C=C+C,
gl uEqmi* gl g’ pEqml gl
0.5% TP 0.5% TP
3,0 3,7 15,4 74 0,6 0,6 1,3 30 3,7 7,9 7,2 0,6 0,6 1,3
6,0 3,7 7,7 9,4 0,7 0,7 1,4 6,0 3,7 4,3 8,0 0,6 0,7 1,3
9,0 3,6 71 10,2 0,7 0,7 1,4 9,0 3.4 3,8 13,6 0,6 0,8 1,4
12,0 3,6 6,5 11,0 0,7 0,8 1,4 12,0 3,7 3,6 11,6 0,6 0,8 1,4
15,0 3,6 6,2 10,4 0,7 0,7 1,4 15,0 3,7 3,2 12,2 0,6 0,8 1,4
1% TP 1% TP
3,0 3,7 16,2 6,8 0,6 0,9 1,5 3,0 3,5 10,3 10,5 0,7 0,8 1,5
6,0 3,7 7,7 78 0,6 1,0 1,6 6,0 3,3 8,1 12,9 0,8 0,9 1,7
9,0 3,5 74 12,2 0,7 1,0 1,7 9,0 33 7,0 16,7 0,8 0,9 1,7
12,0 3,7 7,0 11,2 0,7 0,9 1,6 12,0 33 4,6 16,3 0,8 0,9 1,6
15,0 3,7 6,9 11,2 0,7 0,9 1,5 150 3,3 4,0 15,5 0,7 0,9 1,6
2% TP 2% TP
3,0 3,7 15,0 8,2 0,5 1,2 1,6 3,0 3,7 7,0 8,8 0,5 1,0 1,5
6,0 3,8 8,2 10,6 0,5 1,2 1,7 6,0 3,7 5,7 12,2 0,5 1,1 1,6
9,0 3,4 7,7 14,4 0,6 1,3 1,9 9,0 | 3,6 3,6 13,8 0,6 1,1 1,7
12,0 34 7,2 16,4 0,8 1,4 2,2 12,0 3,5 2,9 14,4 0,7 1,1 1,8
15,0 3,4 6,4 17,0 0,8 1,3 2,1 15,0 3,5 2,6 14,2 0,6 1,1 1,7

value of the organic acid produced. The sugar consump-
tion and organic acid liberation are seen to be most
active up to the 6" day. A partial neutralization of the
acids with ions, liberated due to the decomposition of
the phosphate, is the reason for maximum of organic
acid production on the 12" and 9" day for the experi-
ments with TP concentration of 0.5 and 1 % w v’

The results obtained showed that the solubiliza-
tion of Tunisian phosphorite depends on: phosphate
concentration in the nutritive medium, the particle size
of TP, the decrease in pH, the acid production and the
microbial isolate used.

The data indicate that the lower the quantity of
phosphate applicable, the greater is the conversion per-
centage of P,O, in soluble forms. The similar correlation
has been found in [8]. According to Venkaterswarlu et al.
[9] by increasing the phosphate concentration over 0.25 %
the quantities of the released P are not significant in the
conditions of rock phosphate solubilization with Aspergil-
lus niger. The additional accumulation of soluble phos-
phate was changed insignificantly (0.2-0.5 g dm?) in the
case when TP concentration was increased from 0.5 to 1
and 2 % w v'. These results are in conformity with those
recorded by Venkateswarlu et al. [9] and Nahas et al. [10].

In the present study the maximum solubilization
occurred with the particle size below 0.2 mm (Table 3)
by equivalent conditions, confirming the observations
of Ghosh and Banic [8]. Smaller particle size material
is more susceptible to microbial attack than the larger
sized ore. Decreasing the particle size, the surface area
of the phosphate particles increases and hence better
contact occurs, which aids maximum solubilization of
the rock phosphate.

Many results indicate decrease in pH due to the
formation of organic acids and support the view that the
acids and products of microbial activity affect the solu-
tion of phosphate. A correlation was detected between
culture pH and titratable acidity (r = -0.87 to 0.25) which
is in accordance with other results [11, 12]. However, no
correlation has been observed between the degree of solu-
bilization and pH change [13, 14]. According to Kucey
[1] the lack of relationship between pH drop and P solu-
bilized may be due to the liming effect of the rock phos-
phate and the production of other metabolites by the
microbes, or on the type of acid produced [15].

In the present study negative correlations between
the quantities of phosphate solubilized and decrease in
pH was observed. The values of the correlation coeffi-
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cients are from —0.55 to —0.94. A maximum of the total
PO, concentration, respectively a maximum of TP solu-
bilization was achieved at the lowest values of the cul-
ture pH in accordance with the results obtained by
Venkaterswarlu et al. [9] and Nahas [12].

Some authors indicate that no correlation has
been observed between phosphate solubilization and
titratable acidity [13]. Cerezine et al. [11] consider that
even though the concentration of soluble phosphates
was related to pH, it was not related to titratable acid-
ity, which confirms that the solubilizing ability is not
related to organic acid production but to the nature of
the organic acid produced. The results showed a sig-
nificant correlation between the titratable acidity and
the quantity of the released P. The value of the correla-
tion coefficient is about 0.9 in all the experiments. This
is in accordance to the results obtained from Nahas et
al. [10], Nahas [12] and Goldstein [16].

The variables that affect the mechanisms of rock
phosphate solubilization have been discussed by differ-
ent authors. Some of them considered that the organic
acid produced by microorganisms have an important
role in solubilization of inorganic phosphates [3, 9].
According to Goldstein [16] the bioprocess of rock
phosphate ore involves much more processes than
simple acid dissolution. He assumes that the bacteria
form biofilms on the surface of the ore particles, which
produce unique physicochemical conditions. That re-
sult in true biocatalytic events that greatly enhance the
rate and efficiency of phosphorus bioleaching from the
phosphates.

Obviously the bioconversion was performed in a
complex heterogeneous system with simultaneously oc-
curring biosynthetic and chemical reactions, which have
different velocity depending on various effected param-
eters: continuously changeable concentration of macro-
and microelements, organic acid concentration, diffu-
sion velocity, etc. Phosphorus containing compounds
and other ions (Ca?*, Mg?*, K*, Na*, Fe**, etc.) move to
the liquid face medium after defined period of biocon-
version. As a result of the phosphate solubilization and
the high Ca?* ions concentration it is most probably its
bound part of the produced organic acids to form slow
soluble salts. The effect is decreasing of the acids con-
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centration in the culture medium, which will limit the
process of phosphate decomposition.

CONCLUSIONS

It was established that all the investigated factors
have a significant influence on the solubilization of
Tunisian phosphorite. The most essential are the TP
concentration and the duration of bioconversion. Fur-
ther investigations can explain the mechanism of phos-
phate dissolution using microbial soil isolates on the
conditions used in this study.

REFERENCES

1. RM.N. Kucey, Can. J. Soil Sci., 63, 1983, 671-678.

2. D.H. Goenadi, Siswanto, Y. Sugiarto, Soil Sci. Soc.
Am. J., 64, 2000, 927-932.

3. P. Vazques, G. Holguin, MLE. Puente, A. Lopez-Cortes,
Y. Bashan, Biol. Fertil. Soils, 30, 2000, 460-468.
4.K.Y.Kim, H. Hwangbo, R.D. Park, K.Y. Seong, Y.W.
Kim, B.K. Park, H.B. Krishnan, Proc. 17th WCSS,

2002, Bangkok, pp. 1-14.

5. P. Bhattacharyya, R.K. Jain, Fert. News, 45, 2000, 45-52.

6. MLL. Jackson, Soil Chemical Analysis, Prentice Hall
of India Pvt., New Delhi, 1958, pp. 134-183.

7. P. Bernfeld, in: S.P. Colowick, N.O. Haplan (Eds.),
Methods in Enzymology, Academic Press, New
York, 1959, p. 149.

8. R. Ghosh, A K. Banik, Indian J. Exp. Biol., 36, 1998, 688-692.

9. B. Venkaterswarlu, A.V. Rao, P. Raina, J. Indian Soc.
Soil Sci., 32, 1984, 273-277.

10. E. Nahas, D.A. Banzatto, L.C. Assis, Soil Biol.
Biochem., 22, 1990, 1097-1101.

11. P.C. Cerezine, E. Nahas, D.A. Banzatto, Appl.
Microbiol. Biotechnol., 29, 1988, 501-505.

12. E. Nahas, World J. Microbiol. Biotechnol., 12, 1996,
567-572.

13. A.C. Das, J. Indian Soc. Soil Sci., 11, 1963, 203-207.

14. H. Rodriguez, R. Fraga, Biotechnol. Adv., 17,1999, 319-339.

15. V. Narsian, J. Thakkur, H.H. Patel, Indian J. Exp.
Biol., 31, 1993, 747-749.

16. A.H. Goldstein, Proc. IFA Technical Conference,
2000, New Orleans, pp. 1-21.



