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AbstrAct

Phosphorus an essential element for the growth and development of plants, is found in most soils in inso-
luble form. A large number of microorganisms in the soil have a high capacity for solubilization and minera-
lization of P. In this sense, the efficiency with which plants are able to access this nutrient through microbial 
associations could be of considerable economic and environmental benefit. In the present work, phosphate 
solubilizing bacteria were isolated and characterized from rhizospheric soil, press mud and residual water 
from biogas production.The isolates were identified as Pseudomonas luteola and Burkholderia cepacia using 
the API 20NE system. In the microorganisms studied, their ability to solubilize mineral P and organic P mine-
ralization was determined, showing different solubilization patterns and acid phosphatase activity. The results 
indicate the strain Pseudomonas luteola C3, is the most promising to be used as a microbial inoculant in 
biofertilizer formulations.
Key words: phosphate solubilization, phosphate mineralization, phosphatases, biofertilization, phosphate 
solubilizing bacteria.

resumen

El fósforo un elemento esencial para el crecimiento y desarrollo de las plantas, se encuentra en la mayoría 
de los suelos en forma insoluble. Un gran número de microorganismos en el suelo tiene la capacidad para la 
solubilización y mineralización de P. En este sentido, la eficiencia con la cual las plantas son capaces de ac-
ceder a este nutriente a través de asociaciones microbianas pudiera ser de considerable beneficio económico 
y ambiental. En el presente trabajo, bacterias solubilizadoras de fosfatos fueron aisladas a partir de suelo 
rizosférico, fango y agua residual de la producción de biogás y caracterizadas. Los aislados fueron identifica-
dos como Pseudomonas luteola and Burkholderia cepacia usando el sistema API 20NE. En los microorganis-
mos estudiados se determinó su capacidad para solubilizar el P mineral y la mineralización del P orgánico, 
mostrando diferentes patrones de  solubilización y actividad de ácido fosfatasa. Los resultados indican que la 
cepa de Pseudomonas luteola C3 es la más prometedora para ser utilizada como un inoculante microbial en 
formulaciones de  biofertilizantes.
Palabras clave: solubilización de fosfato, mineralización de fosfato, fosfatasas, biofertilización, bacterias 
solubilizadoras de fosfato. 

IntroductIon

Phosphorus (P) is an essential nutrient for the growth and development of plants. However, com-
pared to the rest of the macronutrients, it is the element of less mobility and availability in most soils 
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(1, 2, 3). Although it is abundant in organic and inorganic forms, P is a limiting factor for the growth of 
plants (4). In contrast to the nitrogen (N) acquisition from the atmosphere through biological fixation, 
P has to be supplied by the application of phosphorus fertilizers to achieve and maintain high levels 
of crop productivity (5). 

The global reserve of P can be reduced in the next 50-100 years (6), because it is a non-re-
newable source. Therefore, the efficiency with which plants are able to access soil P throu-
gh microbial associations could be of considerable economic and environmental conse-
quence. The problem is that the recovery of P by plants from fertilizer is poor; only 10-20 % 
of the applied P is obtained in the year of application (7, 8). This is because most of the 
applied P is rapidly “fixed” in the soil in fractions that are poorly available to the plant roots  
Plant growth promoting bacteria(PGPB) exert a beneficial effect on crops and ecosystems. Within 
this large group, we found bacteria, capable of solubilizing mineral and organic P present in soil (9, 
10, 11), thus playing a fundamental role in the increased availability of this nutrient for plants. The 
continuous use of these bacteria as natural fertilizers is a strategy for the development of a sustaina-
ble agriculture that allows an increased crop yield and an improved soil quality. In the present study, 
microorganisms with high capacity to solubilize mineral and organic P were isolated and identified.

mAterIAls And methods

Isolation of Phosphate solubilizing bacteria
In this study samples were collected in the areas adjacent to the Agro Industrial Complex “Heri-

berto Duquesne” located in the province of Villa Clara, Cuba. The sampling areas were: oxidation 
lagoon of the biogas plant, composted sugarcane press mud and rhizospheric cane soil.

For the isolation of bacteria from the oxidation pond, 0.1 ml of residual water was collected and 
plated on solid NBRIP medium (12). For the isolation from press mud and rhizospheric soil, 10 g of 
each were resuspended in 10 mL of sterile saline solution (0.85 % NaCl) and shaken vigorously for 
45 minutes (min). 1mL of each suspension was plated on NBRIP medium (12). All isolates were in-
cubated at 30 °C for 48 h. After 48 h, colonies which showed translucent solubilization halos around 
them were selected.All isolates were deposited at the Microbial Culture Collection of the Cuban Re-
search Institute on Sugarcane By-Products (ICIDCA). 

Qualitative detection of inorganic phosphate solubilization
The NBRIP medium (Glucose: 10 g, Ca3(PO4) 2: 5 g, MgCl2 * 6H2O: 5 g, MgSO4 * 7H2O: 0.25 g, 

KCl: 0.2 g and (NH4)2*SO4: 0.1 g bacteriological agar 20 g) was used to analyze the solubilization of 
inorganic phosphorus, indicated by the formation of translucent halos around the colonies (12).

Identification of isolated phosphate solubilizing bacteria
The taxonomic identification of the isolates was performed using the API Test 20NE (bioMerieux). 

The results were interpreted using API Web StandAlone® software.

detection of Acid Phosphatase Activity
An indicator medium based on a histochemical detection system was used to detect the acid 

phosphatase activity on agar plates. LB agar supplemented with 2 mg/ml phenolphthalein diphos-
phate (PDP, SIGMA), and 0.05 mg/ml methyl green (SIGMA), pH 7.2. The use of the LB medium is a 
modification introduced to the system developed by Riccio et al. (13) using the Tryptose-Phosphate 
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(TP) medium (Difco Laboratories, Detroit, MI, USA). On this medium, strains expressing acid phos-
phatase activity (Pho+/-phenotype) grow as green stained colonies. 

Phosphatase activity from liquid cultures was evaluated in whole cells and supernatant fractions 
as follows: Cells were collected by centrifugation at 10,000 x g for 5 min and washed with 2 ml of 
0.85 % NaCl. The pelleted cells were resuspended in 0.85 % NaCl to a final optical density (OD) of 
1.5 (at 600 nm) and pre-incubated at 37 °C for 30 min at 75 rpm (moderate agitation). Then, 50 μl 
of this suspension was added to the reaction buffer (0.2 M Tris-maleic acid, pH 6.2). The reaction 
was initiated by the addition of 50 μl of 60 mM para-nitrophenylphosphate (pNPP, sodium salt, SIG-
MA) and incubated at 37 °C for 30 min. Then the cells were separated by centrifugation and 1.5 ml 
of 0.33 N NaOH was added to 600 μl of the supernatant to stop the reaction. The liberation of pNP 
was determined by the change in the absorbance at 420 nm. One unit of activity was defined as the 
amount of enzyme able to liberate 1 nmol of pNP per ml andmin, under the assay conditions. The 
activity in the supernatant fractions was determined by the same method as for the intact cells, but 
without pre-incubation. 

For the detection of protein bands with phosphatase activity, the technique described by Thaller et 
al. was used (14, 15). The gel was incubated at 37 °C for 3 h in the renaturation buffer (10 mM Tris-
HCL, pH 7.4; 1 % [vol/vol] Triton X-100 and 2 mM MgCl2), with changes at 30 min intervals with the 
same buffer. Then the gel was equilibrated for 90 min in the equilibration buffer (100 mM NaAc, pH 
6.0 and 2 mM MgCl2), with changes every 30 min. Finally, the gel was incubated overnight in a buffer 
containing 100 mM NaAc (pH 6.0), 4 mM PDP, 2 mM MgCl2 and 0.005 % methyl green. With this 
detection system the phosphatase activity was visualized by the green colour of the protein bands 
due to the activity developed by the renaturated polypeptidic chains. The quantity of protein applied 
in the samples was 36 μg.

Quantification of soluble phosphorus in liquid medium
Soluble phosphorus was evaluated and quantified in the supernatant of the liquid cultures as fo-

llows:
Cells were grown in 500 mL flasks with 50 mL of NBRIP liquid medium for 14 days at 30 °C in a 

rotating shaker at 175 rpm (Lab-Line). After this time, the entire culture was centrifuged (Centrifuge 
Sigma 3-18K) at 21 390 x g for 20 min and cells were discarded. Aliquots of 10 μl of supernatant 
were diluted in 990 μL of deionized water. From this dilution 50 μL was reacted with 150 μL of the 
Reagent Phosphate (BioVision). The mixture was manually shaken and incubated 30 min at room 
temperature. Subsequently the release of the soluble P was detected by the absorbance increase at 
a wavelength of 650 nm in a Genesys 6 spectrophotometer, with quartz cuvettes of 1 cm light path.

determinations
Growth was followed by the absorbance at 600 nm. The statistical analysis and regression were 

carried out with the statistical package Statgraphics Statistical Graphics System version 5.0, with a 
level of significance of 95 %.

results And dIscussIon

Isolation of Phosphate solubilizing bacteria
A total of 10 bacterial isolates were obtained that had the capacity to solubilize tricalcium phospha-

te, demonstrated by the formation of translucent halos around the colonies (Table 1). All were Gram 
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negative bacilli, did not form spores or capsules and were actively motile. The use of the NBRIP me-
dium allowed the quick and simple analysis to confirm the phosphate solubilizing phenotype.

Qualitative analysis of inorganic phosphorus solubilization
The visual detection and even a semiquantitative estimation of the mineral P solubilization ca-

pacity by microorganisms has been possible by detecting clear zones around the colonies when 
solubilization of (Ca3(PO4)2) occurs (12). This method has been successfully used for the detection 
of phosphate solubilizing bacteria (16).

In this study, all isolates grew on solid NBRIP medium (Figure 1). The formation of translucent 
halos was measured on days 2, 9 and 14. An increase in the diameter of the solubilization halos was 
observed. However, in the case of isolates C2, C3, and C6, the halo measurement could not be per-
formed due to the production of a polymer.

On day 2, isolates C4 and C9 had the largest solubilization halos, showing significant differences 
between them and the rest of the isolates. The isolates R5, R7, C10(A), C10(B), RI1 showed signifi-
cant differences between them, although their solubilization halos were smaller than those of C4 and 
C9 (Figure 2A).

On day 9, isolates C4 and C10(B) showed the largest solubilization halo with respect to the rest of 
the isolates. Isolates C4 and C10(B) showed no significant differences between them. The isolates 
R5 and C10(A) also showed a larger solubilization halo than the isolates R7, C9 and RI1 but smaller 
than the isolates C4 and C10(B) (Figure 2B).

On day 14, isolate C10(B) exhibited the largest diameter solubilization halo compared to the rest 
of the isolates. Isolates C4, R5 and C10(A), exhibited no significant differences among them (Figure 
2C).

Figure1. Solubilization of tricalcium phosphate 
on NBRIP solid medium by isolates C2, C3, 
C4, C6, R7, C9, C10 (A), C10 (B), RI1, R5.

table 1. Bacterial isolates in NBRIP medium at 48 hours
samples Isolates

Intermediate wastewater from the oxidation lagoon RI1

Rhizosphere of sugar cane plants R5, R7

Sugar cane press mud C2, C3, C4, C6, C9, C10 (A), C10 (B)
C: sugarcane press mud, R: sugarcane rhizosphere, RI: intermediate residual water.                                                    

The number indicates the order of the isolates. A and B: type of colonies.
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In this study it is demonstrated that the isolates C4, R5, C10(A) and C10(B) are the best phospha-
te solubilizers because they maintained during the 14 days the largest solubilization halos. However, 
the C9 isolate that was the one with the highest solubilization halo on day 2 remained below these. 
The qualitative Petri dish estimation to detect the P solubilization capacity of the isolates coincided 
with the results of Nautiyal (12), when the isolations made from soil samples showed solubilization 
halos of up to 7 mm. In addition, the results of the present study were higher than those of Park et al. 
(17), where solubilization halos are reported on NBRIP medium no greater than 4mm.

Identification of the selected isolates
Once the ability to solubilize P on NBRIP medium of all the isolates was verified, they were iden-

tified by the API 20NE test (bioMerieux) and the results were read according to the manufacturer’s 
instructions. The isolates selected for their P solubilizing activity were included within the species 
Pseudomonas luteola (18) and Burkholderia cepacia (19) (Table 2).

Figure 2. Diameter of the solubilization halo of tricalcium phosphate on NBRIP solid medium (A): Diameter 
of the halo 2 days after inoculation. (b): Diameter of the halo 9 days after inoculation. (c): Diameter of the 
halo 14 days after inoculation. Uncommon letters indicate significant differences according to Duncan’s test 
for p < 0.05 (I = standard deviation of the mean).



Icidca sobre los derivados de la caña de azúcar Vol. 54 No. 3  septiembre - diciembre - 2020

28

The genus Pseudomonas has been associated 
with the rhizosphere of different plant species such 
as diazotrophs, and forms part of the rhizosphere 
of many crops (10, 20). In this study, a prevalence 
of the species Pseudomonas luteola was obser-
ved. This could be related to the adaptability that 
Pseudomonas luteola has to numerous ecosys-
tems (21). This species plays an important role in 
the promotion of plant growth as an excellent P so-
lubilizer, as well as in biological control in crops of 
economic importance (22, 23). Further, it has the 
capacity to degrade a large number of xenobiotic 
compounds, which makes it very effective as a bio-
remediation agent (24, 25). It is a causative agent 
of nosocomial infections, so its application in natu-
ral environments must proceed with care (26). In 

this work, Pseudomonas luteola was isolated from composted press mud and wastewater from bio-
gas production. This result coincides with the fact that this particular species can be found in many 
ecosystems due to its capacity to degrade dissimilar organic and inorganic compounds.

The genus Burkholderia has been reported as PGPB by numerous authors due to its important 
role in the promotion and growth of plants. It produces plant growth regulators, performs biological 
control in several crops of economic importance and stands out for its high efficiency to solubilize and 
mineralize phosphates (27, 28, 29). The most studied species of this genus is Burkholderia cepacia, 
which has been found associated with the rhizosphere of plants, soil and river waters (30). Particu-
larly, this species possesses antagonistic activity against a wide range of plant pathogens, mainly 
fungi. For example, root rot is caused by Aphanomyces euteiches. It is also considered an excellent 
bioremediator (31). On the negative side, it is the cause of rot in crops such as onions (19). Also it 
has been reported as an opportunistic pathogen of man; it has been found in the respiratory tract of 
patients with pulmonary fibrosis and chronic granuloma (32). Therefore, the necessary safety mea-
sures must be taken before commercial application of this microorganism. In this study, Burkholderia 
cepacia was isolated from the rhizosphere of sugarcane. This microorganism has been previously 
isolated in six varieties of cane, and found to solubilize inorganic phosphorus sources and increase 
agricultural yield by 25 % (33).

Qualitative detection of phosphatase activity and zymogram of acid phosphatase
The medium TPMG (Tryptose-Phosphate containing PDP and methyl green), was used to select 

bacteria with phosphatase activity. It is based on the principle that bacteria that do not produce de-
tectable phosphatase activity grow as uncoloured colonies (negative phosphatase phenotype, Pho-), 
while bacteria that produce phosphatase activity grow as green colonies (positive phosphatase phe-
notype, Pho+) (13). In this study, a modification of the original medium which consisted of LB medium 
supplemented with PDP and methyl green, was used as a means to qualitatively detect phosphatase 
activity in the strains studied (Figure 3). 

The intense green coloration in strains RI1, C2, C3, R5, C6, R7, C10(A) is due to the fact that they 
have the Pho+ phenotype and that they produce at least one active phosphatase enzyme. When this 
modifies the PDP substrate, it causes the color change of the indicator. In contrast, the uncolored 
growth of strains C4, C9, C10(B) indicates that they have a Pho- phenotype under these test condi-
tions.

table 2. Identification of the isolates using          
the API20NE biochemical test gallery

Isolates Identification
C2 Pseudomonas luteola
C3 Pseudomonas luteola
C4 Pseudomonas luteola
R5 Burkholderia cepacia
C6 Pseudomonas luteola
R7 Burkholderia cepacia
C9 Pseudomonas luteola
C10(A) Pseudomonas luteola
C10(B) Pseudomonas luteola
RI1 Pseudomonas luteola
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The result of the zymogram for the cell fractions of the strains under study is shown in Figure 4.

This technique detects acid phosphatase activity through the formation of a green precipitate, as a 
result of the activity developed by the renatured acid phosphatase polypeptide chains. In lanes 2, 3, 
5-7, 9 (Figure 4) there is a protein band, for which we have estimated a size of approximately 25 kDa. 
The latter corresponds to the size of non-specific periplasmic acid phosphatases containing low 
molecular weight polypeptide chains (Lmmp-APs, 25-27 kDa) (15). Phosphatase activity is present 
in all members of the Enterobacteriaceae family. Some species of this family produce high levels of 

Figure 3. Qualitative histo-
chemical detection of the 
phosphatase activity pro-
duced by the strains: A: C2, 
B: C3, C: C4, D: R5, E: C6, 
F: R7, G: C9, H: C10(A), I: 
RI1(B), J: C10(B).

Figure 4. Zymogram for the detection of phosphatase activity in the selected isolates: 
Molecular weight marker (Color BurstTM). 2: C2, 3: C3, 4: C4, 5: R5, 6: C6, 7: R7, 8: C9, 
9: C10(A), 10: C10(B).
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phosphate-irrepressible acid phosphate activity (HPAP), such as Lmmp-APs, which are responsible 
for the HPAP phenotype (34, 35).

The results coincide with those of other authors, pointing out that this type of acid phosphatase 
is widely distributed in the genera Pseudomonas, Enterobacter, Burkholderia (18, 36), and these 
results confirm the qualitative Petri dish studies (Figure 3).

In the case of lanes 4, 8 and 10 (Figure 4), the 25 kDa band is not observed, indicating that these 
strains do not show acid phosphatase activity under the conditions tested.

Quantification of acid phosphatase activity in liquid culture
Being soluble in the periplasm of the cell, or bound to the outer surface of the inner membrane, 

most of the phosphatase activities are detectable using pNPP, which diffuses freely into the periplas-
mic space of intact cells (37).

In this study, acid phosphatase activity was compared in liquid medium of the cell fractions of all 
the strains studied (Figure 5). During the 24 hour period analyzed, the RI1 strain showed the highest 
phosphatase activity compared with the other strains. However, strains C4, C9, C10(B) showed a 
basal phosphatase activity, not detected in the previous trials. From this we can infer that a negative 
phenotype in qualitative tests in solid medium does not constitute a criterion of absolute absence of 
this type of activity, but that it occurs in quantities not detectable by the lower sensitivity of the method 
or by not presenting the optimal conditions for the production of the enzyme.

Figure 5. Acid phosphatase activity as-
sociated with cells, measured by the pro-
duction of para-nitrophenol (pNP) nmol / 
mL by the strains: C2, C3, C4, R5, C6, 
R7, C9, C10(A), C10(B), CRI1. Uncom-
mon letters indicate significant differenc-
es according to Duncan’s test for p < 0.05 
(I = standard deviation of the mean).

Figure 6. Solubilization of mineral P 
in liquid NBRIP medium at 14 days 
of inoculation, by the strains: C2, C3, 
C4, R5, C6, R7, C9, C10(A), C10(B), 
CRI1. Uncommon letters indicate sig-
nificant differences according to Dun-
can’s test for p <0.05 (I = standard 
deviation of the mean).
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Quantification of phosphate solubilization in liquid culture
The determination of soluble P in liquid NBRIP medium to detect the solubilizing activity of P mi-

neral was carried out by means of a colorimetric assay (BioVision). In Figure 6, most strains showed 
the ability to solubilize tricalcium phosphate by releasing soluble P to the culture medium.

Strain C3 released more soluble P to the medium, showing a significant difference from the rest of 
the strains. Strains C10(B), C2, C4, R5 showed a moderate concentration of free P in the medium, 
with significant differences between them and with the rest of the strains, although the concentration 
of free P with respect to strain C3 was lower. These results coincide in a general way with those 
reported for Pseudomonas sp. by Nautiyal (12), using test conditions similar to those of this study. 
Similar results have also been reported by Lara et al. (38) in strains of Burkholderia cepacia and 
Pseudomonas luteola, shown to be excellent P solubilizers according to the authors.

It is important to note that the C3 strain can be considered as a stimulator of plant growth and 
development because it shows a high solubilization of mineral P.

conclusIons

Ten bacterial isolates were obtained from rhizospheric soil of sugarcane, press mud and residual 
waters, with P solubilizing capacity. There were 8 isolates identified as Pseudomonas luteola and 
2 isolates identified asBurkholderia cepacia. All strains had acid phosphatase activity, with Pseudo-
monas luteola RI1 expressing the highest level of activity. All strains had the capacity to solubilize P 
mineral, with Pseudomonas luteola C3 solubilizing the largest amount. Pseudomonas luteola C3 is 
the most promising to be used as a biofertilizer.

AcKnowledgements

Reinaldo Fraga thanks William David Rau (MS Rau Antiques, New Orleans, USA) for his kind 
support. We thank to Aidín Martínez for her technical support and advice with the use of the API Test 
20NE (bioMerieux), as well as with the use of the API Web StandAlone® software. We also thank Dr. 
Joan Combie for the style correction of the manuscript.

reFerences

1. Khan MS, Zaidi A, Wani PA (2007).  Role of phosphate-solubilizing microorganisms in sustain-
able agriculture. Agron. Sustain. Dev.27: 29-43.https://doi.org/10.1007/978-90-481-2666-8-34.

2. Khan AA, Jilani G, Akhtar MS, Naqvi SMS, Rasheed M (2009). Phosphorus solubilizing bac-
teria: occurrence, mechanisms and their role in crop production. Journal of Agricultural and 
Biological Sciences1: 48-58. 

3. Khan MS, Zaidi A, Ahmad E (2014). Mechanism of phosphate solubilization and physiological 
functions of phosphate-solubilizing microorganisms. In: Phosphate solubilizing microorgan-
isms: Principles and application of microphos technology. Khan MS, Zaidi A, Musarrat J (Eds.). 
Springer, Switzerland, pp. 31-62.https://doi.org/10.1007/978-3-319-08216-5.

4. Nisha K,Padma Devi SN, Vasandha S, Sunitha kumari K (2014). Role of Phosphorus Solu-
bilizing Microorganisms to Eradicate P Deficiency in Plants: A Review. Int. J. Sci. Res. 4:1-5.

5. Richardson AE (2001). Prospects for using soil microorganisms to improve the acquisition of 
phosphorus by plants. Aust. J. Plant Physiol. 28:897-906.https://doi.org/10.1071/PP01093.



Icidca sobre los derivados de la caña de azúcar Vol. 54 No. 3  septiembre - diciembre - 2020

32

6. Cordell D, Drangert JO, White S (2009). The story of phosphorus: global food security and food for 
thought. Global Environ Chang 19, 292–305.https://doi.org/10.1016/j.gloenvcha.2008.10.009.

7. HolfordICR (1997). Soil phosphorus, its measurements and its uptake by plants. Australian 
Journal of Soil Research35: 227–239.https://doi.org/10.1071/S96047.

8. Zhu F, Qu L, Hong X, Sun X (2011). Isolation and characterization of a phosphate solubilizing 
halophilic bacterium Kushneria sp. YCWA18 from Daqiao Saltern on the coast of yellow sea 
of China.Evid. Based Complement. Alternat. Med.Volume 2011, Article ID 615032, 6 pages. 
10.1155/2011/615032. https://doi.org/10.1155/2011/615032 9. 

9. Rodríguez H and Fraga R(1999). Phosphate solubilizing bacteria and their role in plant growth 
promotion. Biotechnol. Adv. 17:319-339.https://doi.org/10.1016/S0734-9750(99)00014-2.

10. Bhattacharyya PN, Jha DK (2012) Plant growth-promoting rhizobacteria (PGPR): emergence 
in agriculture. World Journal of Microbiology and Biotechnology28(4): 1327–1350.https://doi.
org/10.1007/s11274-011-0979-9.

11. Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA (2013). Phosphate solubilizing microbes: sustai-
nable approach for managing phosphorus deficiency in agricultural soils. SpringerPlus2:587.
https://doi.org/10.1186/2193-1801-2-587

12. Nautiyal CS (1999). An efficient microbiological growth medium for screening phos-
phate solubilizing microorganisms. FEMS Microbiol. Lett. 170: 265–270.https://doi.
org/10.1111/j.1574-6968.1999.tb13383.x.

13. Riccio M L, Rossolini GM, Lombardi G, Chiesurin A, Satta G (1997). Expression cloning of di-
fferent bacterial phosphatase-encoding genes by histochemical screening of genomic libraries 
onto an indicator medium containing phenolphthalein diphosphate and methyl green. J. Appl. 
Bacteriol. 82: 177-185.https://doi.org/10.1111/j.1365-2672.1997.tb03570.x.

14. Thaller M C, Berlutti F, Schippa S, LombardiG and Rossolini GM (1994). Characterization and 
sequence of PhoC, the principal phosphate-irrepressible acid phosphatase of Morganella mor-
ganii. Microbiology, 140, 1341-1350.https://doi.org/10.1099/00221287-140-6-1341.

15. Thaller MC, Berlutti F, Schippa S, Iori P, Passariello C, Rossolini GM (1995b). Heterogeneous 
patterns of acid phosphatases containing low-molecular-mass Polypeptides in members of the 
family Enterobacteriaceae. Int J Syst Bacteriol; 4:255–61.https://doi.org/10.1099/00207713-
45-2-255.

16. Konietzny U and Greiner R (2004). Bacterial phytase: Potential application, in vivo function 
and regulation of its synthesis. Brazilian. J. Microbiology35:12-18. http://dx.doi.org/10.1590/
S1517-83822004000100002 .

17. Park JH, Bolan N, Megharaj M and Naidu R (2011). Isolation of phosphate solubilizing bacteria 
and their potential for lead immobilization in soil. J. Hazard. Mater.185: 829–836.https://doi.
org/10.1016/j.jhazmat.2010.09.095.

18. Ha Kang S,Cho KK,Bok JD, Kim SC, Cho JS, Lee PC, Kang SK, Lee HG, Woo JH, Lee HJ, Lee 
SC, Choi YC (2006). Cloning, sequencing and characterization of a novel phosphatase gene 
phoI, from soil bacterium Enterobactersp. 4. Current Microbiology 52 (4): 243-248.https://doi.
org/10.1007/s00284-005-4467-z.

19. Burkholder WH (1950). Sour skin, a bacterial rot of onion bulbs. Phytopathology 40:115–118.
20. Othman AA, Amer WM, Fayez M, Hegazi NA (2004). Rhizosheath of sinai desert plants is a po-

tential repository for associative diazotrophs. Microbiological Research 159(3):285-293.https://
doi.org/10.1016/j.micres.2004.05.004.

21. Donate-Correa J, Leon-Barrios M and Perez-Galdona R (2004). Screening for plant growth 
promoting rhizobacteria in Chamaecytisus proliferus (tagasaste), a forage tree shrub legume 
endemic to the Canary Islands. Plant and Soil 266, 261–272.https://doi.org/10.1007/s11104-
005-0754-5.



Icidca sobre los derivados de la caña de azúcar Vol. 54 No. 3  septiembre - diciembre - 2020

33

22. Midekssa MJ, Löscher CR, Schmitz RA and Assefa F (2015). Characterization of phosphate 
solubilizing rhizobacteria isolated from lentil growing areas of Ethiopia. Vol. 9(25), pp. 1637-
1648.https://doi.org/10.5897/AJMR2015.7473.

23. Kwak Y, Jung BK, Shin JH (2015). Complete genome sequence of Pseudomonas rhizosphae-
rae IH5T (= DSM 16299T), a phosphate-solubilizing rhizobacterium for bacterial biofertilizer. J 
Biotechnol 193:137–138. https://doi.org/10.1016/j.jbiotec.2014.11.031.

24. Lin Y-H, Leu J-Y(2008). Kinetics of reactive azo-dye decolorization by Pseudomonas luteola in 
a biological activated carbon process. Biochemical Engineering Journal 39(3):457-467. https://
doi.org/10.1016/j.bej.2007.10.015.

25. Chen J-P, Lin Y-S (2008). Decolorization of azo dye with Pseudomonas luteola in a membrane 
bioreactor. Journal of Biotechnology 136(Supplement 1): S675-S676.https://doi.org/10.1016/j.
jbiotec.2008.07.1567.

26. Dalamaga M, Karmaniolas K, Chavelas C, Liatis S, Matekovits H, Migdalis I (2004). Pseudomo-
nas luteola Cutaneous Abscess and Bacteraemia in a Previously Healthy Man. Scandinavian 
Journal of Infectious Diseases 36(6):495-497.https://doi.org/10.1080/00365540310016196.

27. Parke JL, Gurian-Sherman D (2001). Diversity of the Burkholderia cepacia complex and impli-
cations for risk assessment of biological control strains. Annu. Rev. Phytopathol. 39:225–258.
https://doi.org/10.1146/annurev.phyto.39.1.225.

28. Zhao K, Penttinen P, Zhang X, Ao X, Liu M, Yu X, Chen Q (2014). Maize rhizosphere in Sichuan, 
China, hosts plant growth promoting Burkholderia cepacia with phosphate solubilizing and an-
tifungal abilities. Microbiol. Res.169 76–82. https://doi.org/10.1016/j.micres.2013.07.003.

29. Istina IN, Widiastuti H, Joy B, Antralina M (2015). Phosphate-solubilizing microbe from Sap-
rists peat soil and their potency to enhance oil palm growth and P uptake. Proc. Food Sci.3 
426–435. https://doi.org/10.1016/j.profoo.2015.01.047.

30. Vermis K et al (2003). Isolation of Burkholderia cepacia complex genomovars from waters. 
Syst. Appl. Microbiol. 26, 595–600.https://doi.org/10.1078/072320203770865909.

31. Lee EY (2003). Continuous treatment of gas-phase trichloroethylene by Burkholderia cepacia 
G4 in a two-stage continuous stirred tank reactor/trickling biofilter system. J. Biosci. Bioeng. 
96, 572–574.

32. Mahenthiralingam E, Urban TA, Goldberg JB (2005). The multifarious, multireplic on Burk-
holderia cepacia complex. Nat. Rev. Microbiol.3:144–156.https://doi.org/10.1038/nrmicro1085.

33. Torriente, D. (2010). Aplicación de bacterias promotoras del crecimiento vegetal en el cultivo 
de la caña de azúcar. Perspectivas de su uso en Cuba. cultrop v.31.

34. Pompei R, Cornagli G, Ingianni A, Satta G (1990). Use of a novel phosphatase test for sim-
plified identification of species of the tribe proteeae. J. Clin. Microbiol. 28: 1214–8.https://doi.
org/10.1128/JCM.28.6.1214-1218.1990.

35. Pompei R, Ingianni A, Foddis G, Di Pietro G, Satta G (1993). Patterns of phosphata-
se activity among enterobacterial species. Int. J. Syst. Bacteriol. 43: 174–8.https://doi.
org/10.1099/00207713-43-1-174.

36. Rodríguez H, Fraga R, González T, Bashan Y (2006). Genetic of phosphate solubilization and 
its potential applications for improving plant growth-promoting bacteria. Plant and Soil. 287(1-
2): 15-21.https://doi.org/10.1007/s11104-006-9056-9.

37. Gugi B, Orange N, Hellio F, Burini JF, Guillou C, Leriche F and Guespin-Michel JF (1991). 
Effect of growth temperature on several exported enzyme activities in the psychrotrophic 
bacterium Pseudomonas fluorescens. J. Bacteriol.173: 3814-3820.https://doi.org/10.1128/
jb.173.12.3814-3820.1991.

38. Lara C, Esquivel LM, Negrete JL (2011). Bacterias nativas solubilizadores de fosfatos para incre-
mentar los cultivos en el departamento de Córdoba-Colombia. rev.bio.agro vol. 9 no. 2, 114-120.




