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ABSTRACT

Plant growth promoting rhizobacteria is a beneficial microbe colonizing plant roots,
which enhances crop productivity and offers an attractive way to replace chemical
fertilizers, pesticides, and supplements. In Mexico, the corn (Zea mays L.) is an im-
portant annual gramineae crop with a high volume of global production because of
the favorable environmental and socioeconomic situation. In this study the isolation
of new strains of bacteria under different environmental conditions will enable further
research avenues to better use the capacities of root-colonizing bacteria in agricultural
production systems. The strains isolates were analyzed for five plant-growth-promoting
attributes: N fixation, solubilization of phosphate, production of auxins, siderophores
and gibberellins. The identification of bacterial isolates was determined by biochemical
assays and VITEK2 Compact (bioMérieux). A total of 143 morphologically distinct
rhizobacteria from corn crops of three communities of Guerrero, Mexico, were isolated,
and 54 effective multi trait rhizobacteria were found. It was determined that the bacterial
isolates are related to Pseudomonas, Enterobacter, Serratia, Pantoea, Staphylococ-
cus, Klebsiella, Burkholderia, Salmonella, Proteus, Acinetobacter, Citrobacter and
Streptoccoccus genus. This collection represents the first bank of multi trait activity
in Mexico, and it will contribute to future studies as biomolecules for promoting early
emergence and growth of the seeds.
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RESUMEN

Las rizobacterias promotoras del crecimiento vegetal, son microorganismos benéficos
que colonizan las raices de las plantas para mejorar la productividad de los cultivos
y ofrecen una forma atractiva para reemplazar los fertilizantes quimicos, plaguicidas y
suplementos. En México, el maiz (Zea mays L) es un importante cultivo de graminea
anual con grandes volimenes de produccion global debido a las condiciones ambientales
y socioeconomicas favorables . En este trabajo se aislaron nuevas cepas de bacterias bajo
diferentes condiciones ambientales que permitiran investigaciones futuras sobre el uso
de las capacidades de las bacterias que colonizan la raiz en los sistemas de produccion
agricola. A las cepas aisladas se les analizaron cinco capacidades de promocion del
crecimiento vegetal: fijacion de nitrogeno, solubilizacion de fosfatos, produccion de
auxinas, sideroforos y giberelinas. La identificacion de las bacterias aisladas se hizo por
pruebas bioquimicas y el sistema VITEK?2 (bioMérieux). Un total de 143 rizobacterias
morfologicamente distintas se aislaron de cultivos de maiz de tres comunidades de
Guerrero, México y se encontraron 54 de ellas con multiples capacidades. Se determind
que los aislados bacterianos se relacionan con los géneros Pseudomonas, Enterobacter,
Serratia, Pantoea, Staphylococcus, Klebsiella, Burkholderia, Salmonella, Proteus,
Acinetobacter, Citrobacter'y Streptoccoccus. Esta coleccion representa el primer banco
de bacterias con multiples capacidades en México y contribuird a futuros estudios de
biomoléculas para promover el crecimiento temprano de las semillas de las plantas.

INTRODUCTION

The rhizosphere is inhabited by large numbers of
microorganisms known as plant-growth promoting-
rhizobacteria (PGPR) (Di Salvo et al. 2014, Gupta
et al. 2014) that significantly stimulate plant growth
through direct or indirect mechanisms. The direct
mechanisms include biofertilization, stimulation of
root growth, rhizo-remediation and plant stress con-
trol (Labra-Cardon et al. 2012, Vacheron et al. 2013).
Indirect mechanisms primarily involve biological
control comprised of antibiosis, induction of systemic
resistance and competition for nutrition and niches
(Lugtenberg et al. 2009). These mechanisms can be
active simultaneously or independently at different
stages of plant growth. Activities that promote these
mechanisms are phosphate solubilization, biological
N fixation, siderophores production, and phytohor-
mone production like indole-3-acetic acid and auxins,
which are regulators that profoundly influence plant
growth (Bharucha et al. 2013).

PGPR includes a wide variety of genera and spe-
cies, i.e. Rhizobium (Yadegari et al. 2008, Schwachtje
et al. 2011, Lopez-Ortiz et al. 2012), Frankia, Azo-
tobacter, Pseudomonas (Shim et al. 2014, Zulueta-
Rodriguez et al. 2014), Beijerinckia, Alcalisens,
Arthobacter, Burkholderia (Poupin et al. 2013),
Bacillus (Lopez-Bucio et al. 2007), Serratia and
Azospirillum (Di Salvo et al. 2014) and other similar
microorganisms commonly used as crop inoculants of
agricultural interest. Most of these bacteria produce

physiologically active substances that foment seed
germination, growth acceleration, and increased crop
yield, improving plant defenses against pathogens.
Corn (Zea mays L.) is a food rich in nutrients, how-
ever it needs an abundant supply of sunlight to grow.
In the southern hemisphere it is sown from August
to September and harvested in March, April or May,
whereas in the northern hemisphere it is sown from
April to May and harvested in September or October.
Mexico is the worldwide top producer, it is esti-
mated 880 Million of tons per year, covering an area
of 841677 ha just in Guerrero state (SAGARPA-
SIAP 2012). Furthermore, Guerrero is well known
for the production of other products, however the
continued use of chemical fertilizers and manures
for enhancing soil fertility and crop productivity
often results in unexpected harmful environmental
effects (Romero-Ramirez et al. 2016). The latter
include leaching of nitrate into ground water, surface
run-off of phosphorus and nitrogen, and eutrophi-
cation of aquatic ecosystems. Integrated nutrient
management systems are needed to maintain agri-
cultural productivity and to protect the environment.
Microbial inoculants are promising components of
such management systems (Adesemoye et al. 2009).
Studies with microbial inoculants and nutrients have
demonstrated that some inoculants can improve plant
uptake of nutrients. They have also been used for
heavy metal phytoremediation or for increasing plant
resistance to biotic and abiotic stress factors pur-
poses (Dimkpa et al. 2009, Yang et al. 2009, Moreira
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etal. 2014, Hernadndez-Flores et al. 2015a,b), thereby
decreasing the use efficiency of chemical fertilizers.

The aim of this work was focused on the isola-
tion and the screening of new strains from corn
crops under different socio-environmental context,
these strains should have plant growth promoting
multi-traits. So, this study is interested in gathering
information about new strains with possible effects
of a PGPR on plant development.

MATERIALS AND METHODS

Isolation of rhizobacterial strains, media and
growing conditions

Fifteen samples of rhizosphere and root from
creole and ungraded corn crop were collected in du-
plicate in August 2013. The samples were taken from
experimental farms located at one site in Sabanillas
(17°00°52” N; 99°42° 42> W), two sites in Tlacoapa
(17°04°14”-17°21°05”N; 98°40° 527-98°53°09” W)
and two sites in Tixtla (17°44°- 17° 28’ N; 99° 15’ -
99° 28’ W), in Guerrero state, southern Mexico. The
roots were taken from the surface and sterilized by
rinsing them with 95 % ethanol for 15 s, followed by
a 0.1 % HgCl, solution for 3—5 min. The sterilized
roots were rinsed repeatedly with sterile water and
then, crushed aseptically. A quantity of 1 g (1 mL)
of rhizosphere soil or root extract (the root extract
was obtained by maceration of 100 g of root in 100
mL of saline solution), respectively from each of the
collected samples was mixed in 9 mL of sterile saline
solution (NaCl, 0.85%). Consecutive dilutions were
made (1:1000 and 1:10 000). One hundred pL of the
last dilution were placed on Luria Bertani (LB) agar
plates and incubated at 37 °C for 48 h. Colonies dif-
fering in morphological characteristics were isolated.

Determination of the plant growth promotion
traits

Nitrogen fixation was determined on nutrient agar
(Nfb) by the method of Weber et al. (1999). One
hundred pL of the consecutive dilutions 1:1000 and
1:10000 from rhizosphere and roots were streaked on
Nib plates, incubated at 30 °C for 72 h. Indole acetic
acid (IAA) production was estimated by inoculating
a bacterial suspension in 3 mL of Luria Bertani (LB)
broth, containing L-tryptophan (100 ug/mL) and
incubated at 30 °C for 24 h. IAA concentration in the
supernatant culture was estimated by the Salkowsky
reagent (Glickmann and Dessaux 1995, Gordon and
Weber 1951). Gibberellins production was inferred by
the quality method of Graham and Henderson (1961).

The method consists of rating visually the change in
color on the culture supernatant using the Folling-Wu
reagent from yellow to blue or green. Siderophore pro-
duction was detected on nutrient agar fluorescein (F).

Bacterial suspension was inoculated on agar F
plates at 30 °C for 7 days, and then the green fluores-
cent color was visualized in ultraviolet light (King et
al. 1954). Qualitative estimation of phosphate (P) solu-
bilization was done by inoculating bacterial suspen-
sion on agar National Botanical Research Institute’s
phosphate growth medium (NBRIP) and incubating it
at 30 °C for seven days. The soluble P was visualized
by calculating the size of the halo produced (Murphy
and Riley 1962, Mehta and Nautiyal 2001).

Morphological and biochemical characterization

Individual cultures growing on nutrient agar at
30 °C were examined for their morphological and
biochemical features. Gram staining was performed
with exponential growing cultures. Urease, oxidase,
mobility, citrate production, decarboxylase assay, and
catalase tests were done with standard protocols as
described in MacFaddin’s manual of identification of
bacteria (MacFaddin 2000). Identification of Gram
positive bacteria was determined and compared by
VITEK?2 compact (bioMérieux).

RESULTS AND DISCUSSION

Isolation and determination of plant growth pro-
moted by rhizobacteria traits

One hundred and forty three rizhobacterial iso-
lates were obtained from soil and roots of creole
and ungraded corn crops in the three communities
surveyed. The screening of the bacterial isolates for
determination of the plant growth promotion traits
resulted in the isolation of 54 strains with multi-trait
activity (28 of Sabanillas, 11 from Tixtla and 15 from
Tlacoapa). Such screening was done, first on the basis
of the growth obtained on Nfb agar plates, which
emphasizes nitrogen-fixing activity. Further analyzes
showed other growth promoting traits, such as sid-
erophore production, phosphate solubilization, indole
acetic acid production and gibberellins production.

Regarding the bacteria isolated from Sabanil-
las, Guerrero, only eight of the 28 isolates showed
nitrogen fixing activity, 11 solubilized phosphate,
11 produced gibberellins, 21 produced auxins and 20
produced siderophores. From these isolates, we deter-
mined the presence of the strain 35 FF corresponding
to Pseudomonas fluorescens. This species proved
high aptitude to promote growth in the plants, since
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it showed an excellent performance, such as nitrogen
fixation, siderophores production, solubilization of
phosphate, as well as auxins and gibberellins produc-
tion (Table I). Due to the capabilities of these bacteria,
consortiums can be developed and field tests can be
performed. The latter with the porpuse to use them in
the industrial area to manufacture and commercialize
biofertilizers to replace chemical fertilizers.

From the isolates from Tixtla, Guerrero it was
found that only eight of the 11 isolates showed
nitrogen-fixing activity, six solubilized phosphate, all
of them produced gibberellins and resulted negative
for the siderophores test (Table II).

In the Tlacoapa region it was found that all iso-
lates produced gibberellins and fixed nitrogen but
only 10 of the 15 isolates solubilized phosphate and
8 produced auxins. Additionally, all strains resulted
negative for the siderophores test (Table I1I).

The data showed that the strains 35 FF, 46 FF,
MR-LB, 6 MR-F isolates from Sabanillas and Tixtla,
Guerrero and 2 CS-LB, 1 CR-F, A CR-F, 2 CR-F,
4 CR-F, 5 CR-F isolates from Tlacoapa, Guerrero
have multi-trait activity, which is extremely useful
for different plant growth promoting (PGP) activity.

Biochemical characterization

Isolated strains with more than one plant growth
promoting trait were subjected to Gram staining to
determine their structure and morphology. Fifty of
these bacteria are Gram-negative and four of them
are Gram positive. Metabolic properties by observ-
ing their response to diverse biochemical reactions
for carbohydrate and by other additional tests such
as, methyl red, voges proskauer, citrate test, catalase,
oxidase activity, malonate, ortho-nitrophenylgalac-
topyranoside (ONPGQG), arginine, glucose, arabinose,

TABLE I. PLANT GROWTH TRAITS, PROMOTING ISOLATE BACTERIA STRAINS FROM SABA-

NILLAS, GUERRERO

Strains ~ Nitrogen Siderophores ~ Solubilization ~ Auxins Gibberellins Specie

fixation of phosphate
24 FF v v v v Enterobacter cloacae
30 FF 4 Enterobacter cloacae
31 FF v Enterobacter cloacae
52 FF v v Enterobacter cloacae
NFB 19 v v Enterobacter cloacae
NFB 4 v v Klebsiella varicola
46 FF 4 v v v Klebsiella varicola
27 FF v 4 v Pantoea agglomerans
NFB 8 v v Pantoea agglomerans
49 FF v v Pseudomonas aeruginosa
42 FF v v Pseudomonas aeruginosa
36 FF v v Pseudomonas aeruginosa
NFB 3 v v Pseudomonas aureginosa
35FF v v 4 v v Pseudomonas fluorescens
28 FF '4 v v Pseudomonas fluorescens
26 FF v v Pseudomonas fluorescens
43 FF 4 v Pseudomonas fluorescens
37 FF v v v Pseudomonas putida
21 FF v v v Pseudomonas sp.
59 FF v 4 v Pseudomonas sp.
60 FF 4 4 v Pseudomonas sp.
5FF v 4 v Pseudomonas sp.
63 FF v v Serratia marcescens
NFB 18 v v Staphylococcus aureus
22 FF 4 v v Staphylococcus aureus
NFB 15 v v Staphylococcus aureus
11 FF v v v Staphylococcus aureus
7 FF 4 v v Staphylococcus sp.

All tests were done in duplicate. (), No activity, (v'), activity. FF = fluorescein-fluorescein, NFB = nitro-
gen fixing bacteria. The number corresponds to the number of the strain isolated in the respective medium.
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TABLE II. PLANT GROWTH TRAITS, PROMOTING ISOLATE BACTERIA STRAINS FROM

TIXTLA, GUERRERO

Strains Nitrogen  Solubilization ~ Auxins  Gibberellins Specie

fixation of phosphate
3 MR-LB v v Acinetobacter lwoffii johnsonii
3 MS-LB v v v Burkholderia pseudomallei
5MS-LB v v v Burkholderia pseudomallei
5 MR-LB v v Citrobacter freundii
2MS-LB v v 4 Enterobacter aerogenes
3MR-F v v v Enterobacter aerogenes
6 MR-F v v v v Enterobacter aerogenes
6 MR-LB v v Enterobacter cloacae
2 MR-F v v v Enterobacter cloacae
1 MR-LB v v v v Proteus mirabilis
2 MR-LB v 4 Proteus mirabilis

All tests were done in duplicate. (), No activity, (v'), activity. MR-LB = maize root-Luria Bertani, MS-LB
= maize soil-Luria Bertani, MR-F = maize root-fluorescein. The number corresponds to the number of the

strain isolated in the respective medium.

trehalose, nitrate reduction and urease activity were
also analyzed. Identification of the four Gram-
positive bacteria were determined and compared
by VITEK2 compact (bioMérieux). The outcomes
of the assays revealed that the strains are related to
the genus: Pseudomonas, Enterobacter, Serratia,
Pantoea, Staphylococcus, Klebsiella, Burkholderia,
Salmonella, Proteus, Acinetobacter, Citrobacter and
Streptoccoccus (Tables L, II and III).

This variability might be due to different altitudes,
soil types, humidity, pH and soil texture, which are
important for the growth and microbial ecology of
these organisms (Li et al. 2014, Wang et al. 2014,
Yousuf et al. 2014). Other topics such as the use of
agrochemicals and soil preparation could contribute
to this variability (Tas et al. 2014). Whereas in the
Tixtla region, agrochemicals as gramoxone, furadan
and foley are commonly used, in Sabanillas the soil

TABLE III. PLANT GROWTH TRAITS, PROMOTING ISOLATE BACTERIA STRAINS FROM

TLACOAPA, GUERRERO

Strains Nitrogen Solubilization Auxins Gibberellins Specie
fixation  of phosphate
4 CS-F v 4 Acinetobacter Iwoffii johnsonii
2 CR-F v v 4 4 Acinetobacter Iwoffii johnsonii
D CR-F v v v Acinetobacter Iwoffii johnsonii
6 CS-LB v v v Acinetobacter lwoffii johnsonii
4 CR-LB v 4 Enterobacter aerogenes
6 CR-LB v v Enterobacter aerogenes
5 CR-LB v v Enterobacter aerogenes
1 CR-F v v v v Enterobacter aerogenes
4 CR-F v 4 v 4 Enterobacter aerogenes
2 CS-LB v 4 4 4 Enterobacter cloacae
ACR-F v v 4 v Enterobacter cloacae
B CR-F v 4 v Enterobacter cloacae
3 CR-F v v v Enterobacter cloacae
1 CS-F v v v Staphylococcus lentus
5 CR-F v v v v Streptoccoccus thoraltensis

All tests were done in duplicate. (), No activity, (v'), activity. CS-F = creole soil fluorescein, CR-F
= creole root fluorescein, CS-LB = creole soil Luria Bertani, CR-LB = creole root Luria Bertani. The
number corresponds to the number of the strain isolated in the respective medium.
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preparation consists in slashing and burning the
foliage in the fields. Regarding Tlacoapa region, the
use of agrochemicals and burning soil is alternated.
Several bacteria from the genus Pseudomonas have
been reported as PGP. The most representative and
studied species is Pseudomonas fluorescens, which
has multiple mechanisms as fluorescence (Zhang and
Rainey 2013, Yin et al. 2014), phosphate solubiliza-
tion (Babikova et al. 2014) and auxins and gibberel-
lins production (Donati et al. 2013, Sauer et al. 2013,
Colo et al. 2014). The same traits have been found in
Pseudomonas putida (Ambardar et al. 2013, Islam
etal. 2014). Species of the genus Enterobacter have
been reported for its effect as PGP in rice crop (Patel
et al. 2010) so, strains isolated from maize crops
could be as effective as those reported for other crops.
Within the collection we identified Klebsiella, by its
production of adhesins, siderophores, lipopolysac-
charide, and its ability to fix nitrogen, it could be
considered within the PGP. Pantoea is a phosphate
solubilizing bacterium that could increase the concen-
tration of phosphorus in the leaf tissues. It is also a
nitrogen-fixing bacterium that has been isolated from
the inner part of the stems of sugarcane (Patel et al.
2010). Serratia marcensens is a motile bacillus that
can grow at temperatures from 5 to 40 °C in a pH of
510 9. This enterobacteria mainly of clinical interest
(Roy et al. 2014), was positive for siderophore and
gibberellins production in low quantities, therefore
it could be considered suitable to be used for PGP
purposes. The genus Staphylococcus is a facultative
anaerobic bacterium. The species of that genus have
been of great importance for their detrimental effects
on human health. However, there are no reports of
this genus in the environment. For the positive effect
of PGPR to show, it is necessary that these bacteria
colonize and induce rapid seed germination, as well
as root growth in the area called sphermatofera-rhi-
zosphere because there is where the mineral-nutrient
exchange takes place (Bhardwaj et al. 2014).

CONCLUSION

In this study the 54 strains of bacteria detected
in these socio-environmental contexts, represent
an opportunity to obtain biofertilizers through the
synthesis of the bacterial products, for instance the
auxins and the gibberellins. Besides, the formation
of consortia and the synthesis of their common
products can be as well used as biofertilizers, which
represent the opportunity to avoid risks when using
pesticides in excess. In that sense, the biotechnology

can be employed to promote the growth of plants,
such as seed germination and root elongation, in a
faster time.
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