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Abstract 

Rhizobacteria have been studied for carrying out important processes in plants generating benefits, 

among which are activities such as biological nitrogen fixation, phosphate solubilization, production 

of indoleacetic acid, production of ACC deaminase and siderophores promoting plant growth. The 

aim of this study was to identify in vitro plant growth promoting rhizobacteria associated with 

avocado crops. For this purpose, rhizobacteria were isolated from soils from Salitral, Ovejas 

(Mountain of the María), department of Sucre, Colombia. In vitro phosphate solubilization, nitrogen 

fixation, siderophore production and ACC deaminase tests were carried out to finally identify them 

molecularly by amplification and subsequent analysis of 16S rDNA sequences. The highest 

population densities were 2.95 x 107, 2.19 x 107, 1.91 x 107, 1.64 x 107, 1.50 x 107, 1.39 x107 and 1. 

30 x 107 CFU/ g of soil for the farms Florida S, Sector 2, El Ojito, Sector 1R, Sector 1D, Florida N 

and Villa Esperanza respectively, a total of 35 morphotypes of rhizosphere bacteria were isolated, 

only five isolates showed the ability to promote plant growth identifying them as Burkholderia 

cepacia, Pseudomona aureginosa, Burkholderia cepacea, Bacillus cereus and Bacillus megaterium. 

These results show the importance of microorganisms as agents of biotechnological value in the 

search for alternatives to agricultural and environmental problems in crops of agricultural interest.  
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Introduction 

The mountain of the María is a sub-region of 

the Colombian Caribbean, the main producer 

of avocado (Persea americana). Avocado 

crops in the Montes de María have for years 

constituted the economy of many families in 

the region, however the area planted with these 

crops has decreased considerably due to the 

presence of armed conflict in the area, which 

has led to the abandonment of the producing 

farms, limiting their renewal (de Bolívar et al., 

2012; de Colombia, 2003). Another limiting 

aspect of the crops are the diseases caused by 

phytopathogens, implementing as control the 

use of synthetic fungicides indiscriminately, 

generating alterations in the agroecosystems, 

loss of the physicochemical properties of the 
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soil, development of strains resistant to 

fungicides, which increases the severity of the 

problem and production costs, therefore it is 

necessary to propose strategies that counteract 

the problem and allow the recovery and 

conservation of crops so that the principle of 

sustainability and development is maintained. 

In the search for alternatives for the 

improvement of plant growth, production and 

health, the use of plant growth promoting 

bacteria (PGPB) are considered highly 

efficient and contribute to the improvement of 

plants and are environmentally friendly 

(Gupta et al., 2015). These bacteria are able to 

improve plant growth through direct 

mechanisms such as biological nitrogen 

fixation, phytohormones production, 

solubilization of inorganic phosphates and 

mineralization of organic phosphate, reduction 

of heavy metal toxicity, the activity of the 

enzyme ACC deaminase and increased root 

permeability and indirect mechanisms such as 

the elimination of phytopathogens through the 

production of lytic enzymes, production of 

antimicrobial substances, antibiotics, nutrient 

competitions, space, induction of systemic 

resistance (IRS) against a wide spectrum of 

pathogens and production of siderophores as a 

sequestrator of available Fe, limiting the 

development of pathogens (Esquivel-Cote et 

al. , 2013). 

This research aimed to identify plant growth 

promoting rhizobacteria (PGPRs) associated 

with avocado plantations and them in vitro 

ability to promote plant growth.  

Materials and methods 

Location.  Sampling was carried out in Salitral 

(09 ° 31 '48 "N - 75 ° 14' 01" W), belonging to 

the Montes de María, department of Sucre, 

Colombia. Random zig-zag sampling was 

carried out to collect soil samples associated 

with avocado and banana crops. The soil 

samples were labelled with georeferencing of 

the sampling site and taken to the 

Microbiological Research Laboratory of the 

University of Sucre for microbiological 

analysis. 

Isolation of rhizospheric bacteria. Root soils 

were taken from associated avocado and 

banana crops, removing the soil adhering to 

the roots and washed with sterile distilled 

water and shaken for 30 minutes. Once 

sediment, an aliquot of the suspension was 

taken and serial dilutions from 10-3 to 10-7 

were prepared and inoculated on nutrient agar 

and incubated at 30±1°C for 72 hours 

(Salgado-Bernal et al., 2012). The population 

density of rhizosphere bacteria per gram of soil 

was determined by direct colony counting on 

the surface of the agar plates. Morphotypes 

were selected according to their 

morphological characteristics, color, shape, 

texture and size (Pérez-Cordero et al., 2014). 

Biological nitrogen fixation. Qualitative 

assessment of nitrogen fixation of rhizosphere 

bacteria was performed using ASHBY 

selective medium and the methodology 

described by Pérez-Cordero et al. (2014). 

Strains were seeded by composite streak on the 

surface and incubated at 28°C for 72 hours. 

The growth of isolates on such media indicated 

the fixation of atmospheric nitrogen. 

Phosphate solubilization. Phosphate 

solubilization capacity was determined in 

NBrip and SRS media, strains were incubated 

at 28°C for 72 hours using the methodology 

proposed by Pérez-Cordero et al. (2014).  

Siderophore production. Qualitative 

assessment of siderophore production was 

carried out by direct seeding of morphotypes 

on the surface of chromium azurol-S (CAS) 

medium (Schwyn & Neilands, 1987). They 

were incubated for 7 days at 30°C. Sideropore 
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production was determined by the presence of 

orange halos around the colonies.  

ACC Deaminase. Streak seeding was 

performed on sterile Dworkin and Foster (DF) 

salts medium (Belimov et al., 2001; El-

Tarabily, 2008), supplemented with 0.3 g/L 1-

aminocyclopropane carboxylic acid (ACC) as 

the sole nitrogen source. Incubation was 

carried out for 5 days at 30°C. Colonies that 

grew on the surface were considered ACC 

deaminase-producing (Andy et al., 2020). 

Molecular identification. Rhizospheric 

bacteria with in vitro plant growth-promoting 

activity were selected and identified based on 

morphological characteristics and by Gram 

staining.  DNA extraction was performed 

according to the protocol described by 

(Oliveira et al., 2013). Amplification of rDNA 

fragments was carried out with the use of 

specific oligonucleotides for eubacterial 

groups and the products obtained from the 

amplification were quantified and sent for 

sequencing, using the service provided by 

Macrogen (Seoul, South Korea). From the 

sequences of the amplified products and the 

homologous sequences obtained at NCBI, 

analyzed by Clustal W and Mega 10, a 

phylogenetic identification was obtained by 

the distance and maximum parsimony method 

of Neighbor-joining with bootstrap test.  

Soil samples and analysis. For the 

determination of physico-chemical properties, 

soil samples were collected from the farms 

established for the sampling. Several small 

sub-samples were taken from different parts of 

the farms, selected to represent the total area. 

The samples were taken in a zigzag pattern 

over the whole area of the land. Once the 

subsamples were taken, they were mixed and 

homogenized to obtain a soil sample of 

approximately one kilogram, which was 

labelled and sent to the laboratory of 

agricultural soils and waters of the University 

of Sucre for its study (Methods of analysis of 

the Soil Laboratory - Instituto Geográfico 

Agustín Codazzi, n.d.). 

Statistical analysis. The data were analyzed 

by Tukey mean comparisons (α=0.05) to 

establish significant differences between 

rhizosphere bacteria communities (CFU/g 

soil) in relation to the sampling site, using 

PSPP and R software version 3.2.3.  

 

Results and discussion 

The characterization of the physical-chemical 

parameters of the soil samples associated with 

avocado and banana crops, belonging to the 

village of Salitral-Ovejas, indicate that the 

soils presented the following physical-

chemical characteristics: moderate content of 

organic matter, slightly basic to slightly acid 

pH values, potassium and calcium values 

between abundant to excessive content, 

potassium with moderate to very poor values 

and clay loam, loam and clayey loam soil 

texture. 

A total of 35 rhizospheric bacterial 

morphotypes were isolated from different soils 

associated with avocado and banana crops. 

The population density varied in a range of 

2.95x107 ± 1.30x107 CFU/g soil. The results 

of the Tukey test of means for population 

density of rhizosphere bacteria show that there 

are no significant differences between the 

different soils analyzed (figure 1), the Florida 

S farm had the highest population density (2. 

95x107 CFU/ g of soil), followed by Sector 2 

(2.19x107 CFU/ g of soil), El Ojito (1.91x107 

CFU/ g of soil), Sector 1R (1.64 x107 CFU/ g 

of soil), Sector 1D (1.50x107 CFU/ g of soil), 

Florida N (1.39 x107 CFU/ g of soil) and Villa 

Esperanza (1.30x107 CFU/ g of soil). 
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Figure 1. Tukey test of the population density distribution of rhizosphere bacteria by soil, Salitral-

Ovejas, department of Sucre, Colombia. 

 

The population density of rhizosphere bacteria 

in the soils analyzed (figure 1) was variable, 

which can be attributed to the fact that 

microbial biomass is related to soil pH and 

organic matter content, phosphorus 

availability, soil type, among others (van 

Eekeren et al., 2010).  Bacteria function best at 

soil pH levels of 7.0, i.e. as p H decreases the 

ability to decompose organic matter is reduced 

and they stop providing nutrients to plants 

affecting their physiological development 

(Axelrood et al., 2002). 

Rhizotrophic bacteria with in vitro plant 

growth-promoting activity. Of the 35 

isolated morphotypes, five showed in vitro 

plant growth promoting ability (figure 2) and 

according to the identification based on the 

16S rDNA gene, the morphotypes fall into 

three groups. The first group is 

Betaproteobacteria, identifying morphotype 

5105 as Burkholderia cepacia. The second 

group corresponds to the class 

Gammaproteobacteria with morphotype 7102 

as Enterobacter cloacae and morphotype 2103 

as Pseudomona aeruginosa and finally 

firmicute identifying morphotypes 2101 as 

Bacillus cereus and morphotype 5104 as 

Bacillus megaterium (figure 3). 
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Figure 2. In vitro plant growth promotion 

activity. Enterobacter cloacae: A. Phosphate 

solubilization in SRS medium. B. Nitrogen 

fixation. Pseudomona aeruginosa: C. 

Phosphate solubilization. Bacillus cereus: D. 

Siderophore production. E. Phosphate 

solubilization in NBRID medium. F. Nitrogen 

fixation. Burkholderia cepacia: G. Nitrogen 

fixation. H. Phosphate solubilization on 

NBRID medium. I. Phosphate solubilization 

on SRS medium. J. Production of 

siderophores. K. ACC deaminase production. 

Bacillus megaterium: L. Production of 

siderophores. 
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Figure 3. Dendogram derived from 

sequencing analysis of 16 rDNA related 

sequences obtained from NCBI.  

 

In this work, two bacteria belonging to the 

genus Bacillus (Bacillus megaterium and 

Bacillus cereus) were identified (figure 3), 

which had the capacity to produce 

siderophores, solubilize phosphates and fix 

nitrogen. According to research carried out by 

Olivares et al. (2021), they isolated, 

characterized and identified the bacterial 

isolates associated with the sugar cane 

rhizosphere, with Bacillus sp being the most 

abundant bacterium with phosphate 

solubilizing capacity. These bacteria form 

complexes with the Ca+2 ion, associated with 

insoluble phosphorus, transforming into 

water-soluble di- and mono-basic phosphate, 

which allows them to be assimilated by plants 

(Ramírez et al., 2014). These processes occur 

thanks to the production of enzymes such as 

phosphatases, C-P lyases, phytases, among 

others, and the production of organic acids that 

modify the pH to solubilise the phosphorus in 

the medium. The production of these organic 

acids such as gluconic or 2-ketogluconic acid 

can be variable and depends on root exudates 

(Ahemad & Kibret, 2014; Molina-Romero et 

al., 2015; Otieno et al., 2015).  

Betaproteobacteria 

Gammaproteobacteria 

Gammaproteobacteria 

Firmicute 

Firmicute 
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Bacillus megaterium has been shown to 

increase the percentage of chlorophyll and leaf 

nitrogen stimulating plant growth (Olivares et 

al., 2021). Bacillus cereus has also been 

reported as a rhizospheric bacterium isolated 

from soils associated with tomato crops with 

the ability to produce 1-aminocyclopropane-1-

carboxylate (ACC-deaminase) and 

exopolysaccharide under normal and heat 

stress conditions showing significant increase 

in shoot length, root and leaf surface area by 

reducing the adverse effects of heat on tomato 

plant growth (Mukhtar et al., 2020). It should 

be noted that Muhammad et al. (2021), found 

in their research that Bacillus cereus had the 

ability to enhance the growth of oil palm 

seedling roots and was used in association with 

Trichoderma asperellum contributing 

significantly to the growth of aerial parts, 

complementing each other's ability to produce 

indole acetic acid (IAA), phosphate 

solubilization and siderophores.  

Another in vitro plant growth promoting 

rhizobacterium identified in this work is 

Pseudomona aeruginosa exhibiting phosphate 

solubilizing capacity which is reported by 

Yasmin et al. (2017) with the ability to 

solubilize different nutrients in the soil thanks 

to its conversion of insoluble nutrients into 

soluble ones by releasing extracellular 

enzymes, which increase the availability of 

nutrients in the soil, production of IAA and 

ACC acting in promoting plant growth of the 

strain and was reported as an antagonist 

against various plant pathogens including 

Fusarium sp and Xanthomonas oryzae pv. 

oryzae (Xoo), this biocontrol is due to the 

production of hydroxamate-type siderophores, 

such as ferribactin, pseudobactin and other 

catechol-type siderophores that sequester Fe 

III from the environment when it is deficient 

and limit the growth of pathogens becoming 

antagonistic mechanisms (Aguado-Santacruz, 

2012).  The reported ACC deaminase activity 

in P. aeruginosa may help to reduce the level 

of ACC caused by ethylene under biotic and 

abiotic stress conditions, protect the host plant 

and regulate plant growth (R. P. Singh & Jha, 

2016).  

The rhizobacterium Enterobacter cloacae 

isolated and identified in this study presented 

nitrogen-fixing and phosphate solubilization 

activity, research carried out by Peñaloza 

Atuesta et al. (2020) confirmed that 

rhizobacteria belonging to the genus 

Enterobacter present in vitro inorganic 

phosphate solubilization capacity and 

presented antagonistic activity against 

Burkholderia glumae, with 3-phenylpropanoic 

acid (3-PPA) being the main compound 

present in the extracts. Strain K2 identified as 

Enterobacter sp was reported as a 

rhizobacterium capable of resisting heavy 

metals (cadmium, lead, arsenic, nickel and 

mercury) by promoting plant growth through 

phosphate solubilization, IAA production, 

ACC deaminase and nitrogen fixation 

(Pramanik et al., 2018). Nitrogen-fixing 

bacteria use atmospheric nitrogen as a nutrient 

and in root nodules there is catalysis of the 

nitrogenize enzyme complex, which reduces 

the triple covalent bond of the gaseous 

nitrogen molecule being able to combine it 

with oxygen or hydrogen to form ammonium 

(NH4+) and nitrate (NO3+), these chemical 

forms can be used by plants and by the 

microorganisms themselves (Dos Santos et al., 

2012). 

Burkholderia cepacia was the species with the 

highest in vitro plant growth promotion 

(nitrogen fixation, phosphate solubilization, 

siderophore production and ACC deaminase 

production) (figure 2) and according to the 

work of Ghosh et al. (2016) Burkholderia 

tropica, Burkholderia unamae and 

Burkholderia cepacia strains possess the 

ability of siderophore production on CAS agar 
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medium, tryptophan-dependent IAA 

production, antifungal activity against 

pathogenic fungi and increased total 

phosphate content in Lycopodium plants after 

soil treatment with these isolates. Likewise, 

Moreno-Conn et al. (2021) identified the 

presence of two strains identified within the 

genus Burkholderia with plant growth 

promotion in rice plants under greenhouse 

conditions favoring the availability of 

phosphorus in the soil. 

Plant growth promoting rhizobacteria 

(PGPRs) have been reported not only to 

promote plant growth but also to increase soil 

fertility by solubilizing nutrients through 

different direct and indirect mechanisms 

which is suggested as an ecological approach 

to ensure sustainable agriculture (Bishnoi, 

2015; Romão-Dumaresq et al., 2017; N. Singh 

et al., 2018).   

Conclusion 

In this study, five rhizosphere bacteria 

Burkholderia cepacia, Enterobacter cloacae, 

Pseudomona aeruginosa, Bacillus cereus and 

Bacillus megaterium were identified, each 

executing distinct plant growth promoting 

activities for each other, which is based on the 

fact that they develop metabolic processes for 

the plant according to the needs required by 

the plant. It is suggested that these can be used 

in microbial consortia for the improvement of 

avocado and banana plantations.  

 

Acknowledgements 

The authors express their gratitude for the 

financial support provided by the research 

programme entitled "Reconstruction of the 

social fabric in post-conflict areas in 

Colombia" SIGP code: 57579 with the project 

entitled " Entrepreneurship and innovation 

skills for economic development and 

productive inclusion in regions affected by the 

Colombian conflict " SIGP code 58907. 

Contract number: FP44842-213-2018. 

References 

1. Aguado-Santacruz, G. A. (2012). 

Impacto de los sideróforos 

microbianos y fitosideróforos en la 

asimilación de hierro por las plantas. 

Revista Fitotecnia Mexicana, 1. 

2. Ahemad, M., & Kibret, M. (2014). 

Mechanisms and applications of plant 

growth promoting rhizobacteria: 

Current perspective. Journal of King 

saud University-science, 26(1), 1–20. 

3. Andy, A. K., Masih, S. A., & Gour, V. 

S. (2020). Isolation, screening and 

characterization of plant growth 

promoting rhizobacteria from 

rhizospheric soils of selected pulses. 

Biocatalysis and Agricultural 

Biotechnology, 27, 101685. 

4. Axelrood, P. E., Chow, M. L., 

Radomski, C. C., McDermott, J. M., 

& Davies, J. (2002). Molecular 

characterization of bacterial diversity 

from British Columbia forest soils 

subjected to disturbance. Canadian 

Journal of Microbiology, 48(7), 655–

674. https://doi.org/10.1139/w02-059 

5. Belimov, A. A., Safronova, V. I., 

Sergeyeva, T. A., Egorova, T. N., 

Matveyeva, V. A., Tsyganov, V. E., 

Borisov, A. Y., Tikhonovich, I. A., 

Kluge, C., & Preisfeld, A. (2001). 

Characterization of plant growth 

promoting rhizobacteria isolated from 

polluted soils and containing 1-

aminocyclopropane-1-carboxylate 

deaminase. Canadian Journal of 

Microbiology, 47(7), 642–652. 



321  Journal of Positive School Psychology  

 

6. Bishnoi, U. (2015). PGPR interaction: 

An ecofriendly approach promoting 

the sustainable agriculture system. 

Advances in botanical research, 75, 

81–113. 

7. de Bolívar, G., de Sucre, G., del 

Caribe Colombiano, O., de 

Desarrollo, F. R., de María, P. de los 

M., & Europea, U. (2012). Visión 

prospectiva de los Montes de María 

2032: Lineamientos estratégicos de la 

subregión. 

8. de Colombia, V. (2003). Panorama 

actual de los municipios que 

conformaron la zona de distensión 

(Observatorio del Programa 

Presidencial de Derechos Humanos y 

Derecho Internacional Humanitario). 

Bogotá: Horizonte Impresores. 

9. Dos Santos, P. C., Fang, Z., Mason, S. 

W., Setubal, J. C., & Dixon, R. (2012). 

Distribution of nitrogen fixation and 

nitrogenase-like sequences amongst 

microbial genomes. BMC genomics, 

13(1), 1–12. 

10. El-Tarabily, K. A. (2008). Promotion 

of tomato (Lycopersicon esculentum 

Mill.) plant growth by rhizosphere 

competent 1-aminocyclopropane-1-

carboxylic acid deaminase-producing 

streptomycete actinomycetes. Plant 

and Soil, 308(1), 161–174. 

11. Esquivel-Cote, R., Gavilanes-Ruiz, 

M., Cruz-Ortega, R., & Huante, P. 

(2013). Importancia 

agrobiotecnológica de la enzima ACC 

desaminasa en rizobacterias, una 

revisión. Revista fitotecnia mexicana, 

36(3), 251–258. 

12. Ghosh, R., Barman, S., Mukherjee, R., 

& Mandal, N. C. (2016). Role of 

phosphate solubilizing Burkholderia 

spp. For successful colonization and 

growth promotion of Lycopodium 

cernuum L.(Lycopodiaceae) in 

lateritic belt of Birbhum district of 

West Bengal, India. Microbiological 

Research, 183, 80–91. 

13. Gupta, G., Parihar, S. S., Ahirwar, N. 

K., Snehi, S. K., & Singh, V. (2015). 

Plant growth promoting rhizobacteria 

(PGPR): Current and future prospects 

for development of sustainable 

agriculture. J Microb Biochem 

Technol, 7(2), 096–102. 

14. Métodos analíticos del Laboratorio de 

Suelos | Instituto Geográfico Agustín 

Codazzi. (s/f). Recuperado el 16 de 

noviembre de 2021, de 

https://www.igac.gov.co/es/catalogo/

metodos-analiticos-del-laboratorio-

de-suelos 

15. Molina-Romero, D., Bustillos-

Cristales, M. del R., Rodríguez-

Andrade, O., Morales-García, Y. E., 

Santiago-Saenz, Y., Castañeda-Lucio, 

M., & Muñoz-Rojas, J. (2015). 

Mecanismos de fitoestimulación por 

rizobacterias, aislamientos en 

América y potencial biotecnológico. 

Biológicas, 17(2), 24–34. 

16. Moreno-Conn, L. M., Casallas, M. L., 

& Barrera, F. M. C. (2021). 

Solubilización de fosfatos por 

bacterias del género Burkholderia 

aisladas de oxisoles de la altillanura 

colombiana. Ciencia & Tecnología 

Agropecuaria, 22(2). 

17. Muhammad Syafiq, T. H. T., 

Nusaibah, S. A., & Rafii, M. Y. 



Lina Chamorro Anaya 322 

 

(2021). Effectiveness of 

Bioinoculants Bacillus cereus and 

Trichoderma asperellum as Oil Palm 

Seedlings Growth Promoters. 

Pertanika Journal of Tropical 

Agricultural Science, 44(1). 

18. Mukhtar, T., Smith, D., Sultan, T., 

Seleiman, M. F., Alsadon, A. A., Ali, 

S., Chaudhary, H. J., Solieman, T. H., 

Ibrahim, A. A., & Saad, M. A. (2020). 

Mitigation of heat stress in Solanum 

lycopersicum L. by ACC-deaminase 

and exopolysaccharide producing 

Bacillus cereus: Effects on 

biochemical profiling. Sustainability, 

12(6), 2159. 

19. Olivares, J. G. G., Lara, M. A. R., 

Gracía, J. F., Velásquez, J. D. C. Q., 

León, I. G., Hernández, J. R., & 

Langarica, H. R. G. (2021). 

Characterization of rhizospheric 

bacteria isolated from soil cultivated 

with sugarcane in Tamaulipas state, 

Mexico. Revista de La Facultad de 

Agronomía de La Universidad Del 

Zulia, 38(4), 951–969. 

20. Oliveira, M. N., Santos, T. M., Vale, 

H. M., Delvaux, J. C., Cordero, A. P., 

Ferreira, A. B., Miguel, P. S., Tótola, 

M. R., Costa, M. D., & Moraes, C. A. 

(2013). Endophytic microbial 

diversity in coffee cherries of Coffea 

arabica from southeastern Brazil. 

Canadian journal of microbiology, 

59(4), 221–230. 

21. Otieno, N., Lally, R. D., Kiwanuka, 

S., Lloyd, A., Ryan, D., Germaine, K. 

J., & Dowling, D. N. (2015). Plant 

growth promotion induced by 

phosphate solubilizing endophytic 

Pseudomonas isolates. Frontiers in 

microbiology, 6, 745. 

22. Peñaloza Atuesta, G. C., Murillo 

Arango, W., Eras, J., Oliveros, D. F., 

& Méndez Arteaga, J. J. (2020). Rice-

associated rhizobacteria as a source of 

secondary metabolites against 

Burkholderia glumae. Molecules, 

25(11), 2567. 

23. Pérez-Cordero, A., Tuberquia-Sierra, 

A., & Amell-Jímenez, D. (2014). 

Actividad in vitro de bacterias 

endófitas fijadoras de nitrógeno y 

solubilizadoras de fosfatos. 

Agronomía Mesoamericana, 25(2), 

214–223. 

24. Pramanik, K., Mitra, S., Sarkar, A., 

Soren, T., & Maiti, T. K. (2018). 

Characterization of a Cd2+-resistant 

plant growth promoting 

rhizobacterium (Enterobacter sp.) and 

its effects on rice seedling growth 

promotion under Cd2+-stress in vitro. 

Agriculture and Natural Resources, 

52(3), 215–221. 

25. Ramírez, L. C. C., Galvez, Z. Y. A., & 

Burbano, V. E. M. (2014). 

Solubilización de fosfatos: Una 

función microbiana importante en el 

desarrollo vegetal. Nova, 12(21). 

26. Romão-Dumaresq, A. S., Franco, H. 

C. J., Borges, B. M. M. N., Batista, B. 

D., & Quecine, M. C. (2017). 

Beneficial Microorganisms 

Associated with Sugarcane Crops: 

The Green Gold for Clean Energy. En 

Diversity and Benefits of 

Microorganisms from the Tropics (pp. 

313–339). Springer. 

27. Salgado-Bernal, i., Durán-

Domínguez, C., Cruz-Arias, M., 

Carballo-Valdés, M. E., & Martínez-

Sardiñas, a. (2012). Bacterias 



323  Journal of Positive School Psychology  

 

rizosféricas con potencialidades 

fisiológicas para eliminar materia 

orgánica de aguas residuales. Revista 

internacional de contaminación 

ambiental, 28(1), 17–26. 

28. Schwyn, B., & Neilands, J. B. (1987). 

Universal chemical assay for the 

detection and determination of 

siderophores. Analytical 

biochemistry, 160(1), 47–56. 

29. Singh, N., Singh, G., Aggarwal, N., & 

Khanna, V. (2018). Yield 

enhancement and phosphorus 

economy in lentil (Lens culinaris 

Medikus) with integrated use of 

phosphorus, Rhizobium and plant 

growth promoting rhizobacteria. 

Journal of Plant Nutrition, 41(6), 737–

748. 

30. Singh, R. P., & Jha, P. N. (2016). 

Alleviation of salinity-induced 

damage on wheat plant by an ACC 

deaminase-producing halophilic 

bacterium Serratia sp. SL-12 isolated 

from a salt lake. Symbiosis, 69(2), 

101–111. 

31. Yasmin, S., Hafeez, F. Y., Mirza, M. 

S., Rasul, M., Arshad, H. M., Zubair, 

M., & Iqbal, M. (2017). Biocontrol of 

bacterial leaf blight of rice and 

profiling of secondary metabolites 

produced by rhizospheric 

Pseudomonas aeruginosa BRp3. 

Frontiers in microbiology, 8, 1895. 

 

 

 


