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ABSTRACT

Plant growth promoting bacteria are capable of adapting, colonizing and persisting in the plant rhizosphere,
which favors plant growth and development. In this work 32 native strains of diazotrophic bacteria were
isolated, from rhizospheric soil samples of different crops, identified through traditional soil cultures and the
BBL CRYSTAL system. The biochemical identification was made through polymerase chain reaction (PCR).
Nine isolates were determined as Stenotrophomonas maltophilia and one as Azotobacter vinelandii, of
which three coincided in the biochemical and molecular identification. A greenhouse trial was conducted to
evaluate the fertilizer effect on corn plants, according to a randomized block design and nine treatments, in
triplicate: treatment 1: A. vinelandii ATCC 9046; treatments from 2 to 7 for the six isolates; treatment 8 for
chemical fertilization; and treatment 9 for soil without fertilization (control). The isolates M8-10, M10-1 and
M11-3, identified as S. maltophilia by PCR, had better results in plant emergence, stem diameter and leaf and
stem length. Finally, M10-1 was determined to show plant emergence and growth values higher than the mean
and upper limit, as compared with the other isolates and controls, which makes it a potential biofertilizer.
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INTRODUCTION

The biological activity of soils has a preponderant
role in the achievement of high-yield crops.
Microorganisms in association with crops are
important as inputs for production improvement and
environmental control, in addition to allowing the
maintenance of biodiversity and ecosystem
sustainability (Carvajal and Mera, 2010).

The free living or symbiotic bacteria which inhabit
the rhizosphere may stimulate plant growth through
different processes, such as the synthesis of plant
growth regulators, nitrogen fixation, nutrient
solubilization, production of siderophores and
control of soil phytopathogens (Torriente, 2010). The
most widely studied microorganisms belong to
the genera Azotobacter, Stenotrophomonas,
Azospirillum, Klebsiella, Beijerinckia, Pseudomonas
and Bacillus, among others; they are called plant growth
promoting rhizobacteria (PGPR). Some PGPR transform
atmospheric nitrogen into ammonium (process known
as biological nitrogen fixation), for it to be incorporated
to the biosphere, which represents an economic
benefit and reduces the negative impact on the
environment, due to the exaggerated use of chemical
inputs in agricultural production (Bruinsma, 2003).

The isolation and identification of native
microorganisms with properties that promote plant
growth and show higher permanence in the field, such
as Azotobacter vinelandii, Stenotrophomonas
maltophilia and Burkholderia cepacia is required,
to evaluate the biofertilizer potential in crops of
agronomic interest. For the identification of the
diazotrophic bacteria conventional techniques or
techniques based on their biochemical properties are
used, such as: description of their cell morphology,
Gram coloring, analysis of their capacity to grow under
aerobic or anaerobic conditions, or the requirement
analysis of special substrata for their cultivation; these
techniques allow their identification to genus level.
For the characterization of species, subspecies,
serovars or strains, more sensitive and specific
techniques are necessary, such as polymerase chain
reaction (PCR), which identifies a unique sequence in
the DNA.

The objective of the work was to identify,
through BBL CrystalTM Enteric/Nonfermenter ID Kit
and PCR, diazotrophic microorganisms isolated from
samples of rhizospheric soil in crops of agronomic
interest, as well to test their biofertilizer effect on corn
plants.
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MATERIALS AND METHODS

Collection and characterization of soil samples.
The samples were taken from rhizospheric soils of 16
different sites, with pasture, coffee, sugarcane, corn
and fruit crops; they are located in the Chinácota
municipality, North of Santander, Colombia. For the
collection, transportation and conservation of the
samples, the methodologies proposed by Cline (1944)
and Sosa (2002) were used. A phytochemical analysis
in the laboratory of agricultural soils of the University
Francisco de Paula, in Santander –Cúcuta, Colombia-
(Olarte et al., 1979), and a dry matter analysis were
conducted; pH, phosphorus, potassium, calcium and
magnesium were determined.

Isolation through selective methods. The isolation
of diazotrophic bacteria was made through the
Winogradsky and Agar Ashby media. Afterwards, the
macroscopic and microscopic characteristics of the
pure isolates were determined. For isolate classification
the following nomenclature was used: isolate M3-1,
where: M corresponds to the soil sample; 3 to the
sample number; and 1 to the number of pure strains
obtained.

Biochemical characterization by means of BBL
CRYSTAL. The biochemical identification was made
through BBL CrystalTM Enteric/Nonfermenter ID Kit.
The identification system includes tests for
fermentation, oxidation, degradation and hydrolysis
of different substrata.

Molecular identification. For the isolation of the
DNA of the isolates and the control A. vinelandii
ATCC 9046, the UltraClean® Microbial DNA
Isolation Kit of MoBio was used. In the molecular
identification the specific primers nifH-g1-for
GGTTGTGACCCGAAAGCTGA and nifH-g1-
rev GCGTACATGGCCATCATCTC were used,
for A. vinelandii (Bürgmann, Wilmer, Sigler and
Zeyer, 2003; Levy-Booth and Winder, 2010);
SM1-for CAGCCTGCGAAAAGTA and SM4-rev
TTAAGCTTGCCACGAACAG, for S. maltophilia
(Whitby et al., 2000; Kisková et al., 2012); and
G1c-for GCCATGGATACTCCAAAAGGA and
G2c-rev TCGGAATCCTGCTGAGAGGC, para B.
cepacia (Whitby et al., 2000; Rashamuse, Burton and
Cowan, 2007). The DNA samples were amplified in a
final volume of 50 μl, which contained 1X buffer for
PCR; 2,5 mM MgCl

2
, 200 mM dNTP 1 U of Taq

polymerase (Bioline), 1 μM of each primer and 2 μl of
DNA. The amplification conditions consisted in an
initial denaturalization at 95ºC for five minutes,
followed by 30 cycles of 95ºC for one minute, 60ºC for
30 seconds and 72ºC for one minute; and a final

extension to 72ºC for 7 minutes. The PCR products
were visualized in agarose gels at 1 % and dyed with
ethidium bromide.

Biofertilizer effect. A trial was conducted in
greenhouse with corn plants to evaluate their
emergence percentage, stem diameter and leaf and
stem length; the effect of six isolates identified by
PCR (M-1, M8-4, M8-9, M8-10, M10-1 and M11-3)
was compared with that of chemical fertilization and a
control. The treatments were inoculated in 80 mL of
LB liquid medium (10 g of tryptone, 10 g of NaCl and
5 g of yeast extract/L), with constant agitation at room
temperature for 24 hours, until reaching a minimum
concentration of 108 cells/mL (Macfarland scale). Seed
inoculation was made according to the suggestion
by Utria-Borges et al. (2008). In the essay a
randomized block design and nine treatments were
used, in triplicate: treatment 1: A. vinelandii ATCC
9046; treatments from 2 to 7 for the six isolates;
treatment 8 for chemical fertilization; and treatment 9
for soil without fertilization (control). The mean
comparisons among means were made according to
Duncan (1955) and an ANOVA statistics with the
program SPSS 15.0 was used.

RESULTS AND DISCUSSION

Identification with the use of selective media and
biochemical tests. The analysis of rhizospheric soil
samples showed between moderately acid (5,1) and
moderately alkaline (7,8) pH; averages of: organic
matter 7,12 %; phosphorus 262,5 ppm; potassium
0,58 meq/100 g; calcium 17,6 meq/100 g and magnesium
2,1 meq/100 g; and loamy and loamy-sandy texture.
These results are within the ranges that favor the
permanence and activity of diazotrophic bacteria. No
correlation was observed between the soil physical-
chemical characteristics and the quantity of isolates
obtained from each sample.

In selective media 32 pure isolates were obtained,
which were in correspondence with nitrogen fixing
bacteria. The analysis with the BBL CRYSTAL system
allowed to identify Klebsiella pneumoniae subsp.
ozaenae, Klebsiella oxytoca or Serratia rubidea, K.
oxytoca or K. pneumoniae, K. oxytoca, S.
maltophilia, Aeromonas hydrophyla or Enterobacter
sazakii, E. cloacae or E. sakazakii, E. cloacae, B.
cepacia, B. cepacia or Pseudomonas fluorescens and
Serratia fonticula.

Molecular identification. In the molecular
analysis of A. vinelandii through PCR, using primers
nifH-g1-for and niH-g1-rev (fig. 1a), a band of 370 pb
was observed in isolate M8-4, which is an adequate
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amplification according to Bürgmann et al. (2003) and
Levy-Booth and Winder (2010). In the identification
of S. maltophilia, primers SM1-for and SM4-rev
recognized the isolations M1, M2, M4-1, M6-3, M8-3,
M8-9, M8-10, M10-1 and M11-3 (fig. 1b), and amplified
a band of 531 pb, which is in correspondence with the
report by Whitby et al. (2000) and Kisková et al. (2012)
(fig. 1b). The amplification using primers G1c-for and
G2c-rev for identifying B. cepacia did not show results,
which was possibly due to the fact that none of the
molecularly analyzed isolates corresponded to it. The
analysis of primers G1c-for and G2c-rev –conducted
in BLAST- showed high specificity for the genus
Burkholderia because it recognized the species
B. cepacia, B. cenocepacia and B. ambifaria.

When comparing the PCR results with those of
BBL CRYSTAL, isolate M8-4 was found to correspond
to A. vinelandii by means of PCR; while with
biochemistry, to S. maltophilia. Isolates M2, M8-9
and M8-10 were identified through PCR and BBL
CRYSTAL as S. maltophilia.

Through biochemistry isolates M4-1, M6-3 and
M11-3 were identified as B. cepacia; M10-1 as
Klebsiella sp.; M-1 as K. pneumoniae and M8-3 as
E. cloacae; and by PCR they were identified as S.
maltophilia. Only three isolates coincided in the
molecular identification and biochemistry, probably
because the latter is not a sufficiently specific tool for
this purpose; while the molecular techniques allow
the characterization of microorganisms to achieve
their determination at interspecific or intraspecific level
(Bou et al., 2011). The individuals of the same species
not necessarily have the same genetic, biochemical

a. Primers nifH-g1-forB and nifH-g1-rev for the identification of A. vinelandii. Lines 1-6: M6-6, M7, M8-1,
M8-2, M8-3, M8-4. Lines: 8-11: M8-5, M8-6, M8-7, M8-8. Line 12: control A. vinelandii ATCC9046. Line
13: negative control. Line 7: Molecular weight marker Hyperladder II of Bioline. In lines 6 and 12 a band of
approximately 370 pb was observed. b. Primers SM1-SM4, for the identification of S. maltophilia. Lines 1-7:
M8-9, M8-10, M9-1, M10-1, M10-2. Lines 7-9: M11-2, M11-3, M12, M8-8. Line 10: negative control. Line
6: Molecular weight marker Hyperladder II of Bioline. A band of approximately 531 pb is observed in lines 1,
2, 4 and 8

Figure 1. Identification, through PCR, of A. vinelandii and S. maltophilia.

and toxicological attributes. On the other hand,
different species may show high genetic, biochemical
and toxicological similarity. The classification through
selective media and biochemical tests facilitates the
identification to genus and, sometimes, to species
level. However, the molecular techniques allow to
characterize subspecies, serovars and strains in a
simpler, fast and reproducible way in a large variety of
microorganisms (Godoy et al., 2008).

Biofertilizer effect. The treatments which showed
the best results in plant emergence, stem diameter, and
leaf and stem length were M8-10, M10-1 and M11-3,
identified as S. maltophilia by PCR (table 1). They
had significant differences with regards to the con-
trol and the chemical fertilization; besides, higher
efficiency was observed in corn plant emergence and
growth. The treatment with M10-1 showed higher
efficiency in plant development, which promoted fast
emergence and higher stem diameter and root and
stem length, as well as higher dry weight (fig. 2).
According to the statistical analysis of plant
emergence and growth, M10-1 showed values over
the mean and upper limit, as compared with the other
isolates and controls (table 1). It is important to
emphasize that the other isolates had adequate results,
without significant differences with regards to
M10-1, for which they become potential biofertilizers.

The beneficial effect of rhizobacteria lies on
different mechanisms, such as: production of growth
promoting substances, siderophores and antibiotics;
as well as resistance induction in the plant and nitrogen
fixation (Torriente, 2010). For such reason the isolation
of diazotrophic bacteria, their identification through
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reliable methods and the evaluation of their capacity
as plant growth promoters, in addition to being an
option in research processes with agricultural
purposes, are a good alternative to improve crop
nutrition and quality, which contributes to the
improvement of the plant-soil-microorganism system.

It is concluded that the results obtained through
conventional techniques are usually little reliable and
cause errors at the moment of defining genus and
species of a soil microorganism. In addition, the essay
applied for evaluating the capacity of some isolates
with regards to the promotion of plant growth allowed
to prove their potential as biofertilizers; this will be
tested in a study at greenhouse level, with a non-
sterile soil, to compare it with native microorganisms

and controlled conditions, with possibilities of being
applied in field on crops of agronomic interest.
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a. Isolate M10-1, evaluation of root growth at 20 days. b. Comparison of
stem size with the treatment without inoculation and with the inoculated
treatment with isolate M10-1, at 20 days.

Figure 2. Biofertilizer effect on corn plants.

Table 1. Biofertilizer effect of diazotrophic isolates on corn plants.
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