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Abstract

Growth promoting bacteria are a potential option for sustainable cultivation with lower costs, among them
Burkholderia ambifaria, whose importance is mainly due to the endophytic root colonization capacity. The
objective of this work was to evaluate the effect of the inoculation of growth promoting bacteria in corn plants,
in vitro and in greenhouse, with different levels of nitrogen fertilization. The PIONEER® 30F53 YH maize
genotype was inoculated with Burkholderia ambifaria, with 106 CFU per seed, in 12-liter polyethylene pots,
filled with commercial substrate, prepared with the different nitrogen contents (N), resulting in treatments with
different doses of fertilization, associated or not with bacterial inoculation. After 30 and 45 days, it was
evaluated: growth promotion, epiphytic and endophytic population and nitrogen accumulation. In the in vitro
experiment, inoculated seeds were cultured in test tubes containing culture medium with absence and presence of
nitrogen, evaluated after 7 days. The data were submitted to analysis of variance and the means were compared
by the Tukey test at 5% of probability and regression. Increased nitrogen doses in inoculated plants resulted in
better morphological parameters at 45 days. In vitro bacterial inoculation, in vitro, influenced the accumulation
of fresh weight of shoot, root growth and development of root hair. The endophytic potential and the
accumulation of nitrogen were higher in the absence of nitrogen, but lower than the absence of bacteria and the
presence of nitrogen.
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1. Introduction

The corn (Zea mays L.) is a graminea of the Poaceae family, belonging to the C4 group of high photosynthetic
rates, whose development is limited by water, temperature and solar radiation. It is necessary to offer a
reasonable amount of nutrients, and in the correct periods, so that the plant can develop in a healthy way, also,
biotic and abiotic stress, such ashydric deficit, high populational density, damage by pests and pathogens, among
others, affecting directly the efficient use of nutrients by the plants and final yield of the crop (Cruz et al., 2010).

Biological nitrogen fixation is the most important of natural processes for use of atmospheric nitrogen in which
bacteria or blue algae assimilate N, in the form of ammonia (NH;), which dissolves in water and forms
ammonium (NH,"), a form capable of being assimilated by the plants (Taiz & Zeiger, 2013).

Plant growth promoting bacteria promote the development of plants in a variety of ways, such as the production
of phytohormones, the fixation of atmospheric nitrogen, the production of siderophores, solubilizing phosphates,
among others. However, this interaction with Poaceae manifests differently from what occurs in legumes and
does not form fixation nodules (Figueiredo, Sobral, Stamford, & Araujo, 2010). The inoculated plants
demonstrate high utilization of the nutrients and morphological characteristics of interest superior to the controls,
especially the development of the aerial part and the root system (Alvez & Reis, 2011).

There are many ways of plant-bacteria interaction, which represent an important source of study yet to be
explored. Many studies have sought to clarify the interaction between microorganisms and plants and to
demonstrate their effects on agriculture and the environment, such as pest and disease control (J. R. C. Silva,
Souza, Zacarone, L. H. C. P. D. Silva, & Castro, 2008), growth promotion (Barretti, Romeiro, Mizubuti, &
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Souza, 2009; Pereira et al., 2012), biological fixation of atmospheric nitrogen (A. V. Kuss, V. V. Kuss, Lovato, &
Lovato, 2007), tolerance to drought stress (Marcos, 2012; Santos, Sacramento, Mota, Souza, & Azevedo Neto,
2014), rooting promotion (Marques Junior, Canellas, Silva, & Olivares, 2008), phytohormones production
(Canuto et al., 2003), among others.

Burkholderia ambifaria was the first growth-promoting bacterium to demonstrate that these microorganisms
colonize the root surface, then penetrate the cells through intracellular membrane spaces, as well as formation
points of secondary roots and wounds in the region of the epidermis, colonizing the stomates of some cultures (J.
I. Baldani & V. L. Baldani, 2005).

Researches with Poaceae are still recent, however, meaningful results can be observed in aerial growth, dry
matter and roots increase, in crops with high nitrogen demand. The known efficiency of the biological fixation of
rhizobium and legume symbiosis is not repeated in the association between growth promotion bacteria and
grasses, although there are similar characteristics between the association of diazotrophic bacteria and the plant
and the symbiosis with the legumes (J. I. Baldani & V. L. Baldani, 2005). In a study carried out by Quadros
(2009), ten maize hybrids inoculated with diazotrophic bacteria were tested in pots and an increase in the
nitrogen content of the aerial part and an increase of dry mass and root volume was verified.

Studies carried out by Reis Junior, C. T. T. Machado, A. T. Machado, and Sodek (2008) on different maize
genotypes show that the presence of bacteria considered endophytic increases the dry matter production and, in
addition, nutrients utilization by the roots was more efficient, highlighting large concentrations of nitrogen in the
analyzed roots. In addition, it highlights a greater accumulation of dry matter, besides a high protein content in
inoculated plants resulting from the same experiment.

The objective of the present work was to evaluate the effect of inoculation of Burkholderia ambifaria growth
promoting bacteria in maize plants, in vitro and in greenhouse, with distinct levels of nitrogen fertilization.

2. Methodology
2.1 Site and Obtention of the Materials

The tests were carried out in greenhouse and laboratory, coordinates 24°43'01.3” S 53°47'07.9" W, of the
Pontifical Catholic University of Parana, Campus Toledo. The bacteria were supplied by the Federal University
of Parana, Palotina Campus, and the hybrid PIONNER® 30F53 YH corn seeds, from Pionner, located in Toledo,
Parana, Brazil.

The Burkholderia ambifaria strain was chosen for inoculation of a pre-test, where the strain promoted better
results in the in vitro growth promotion parameter, when compared to the other bacteria tested. They were kept in
petri dishes containing a specific Nfb solid culture medium (Dobereiner, V. L. D. Baldani & J. 1. Baldani, 1995)
in the growth chamber. The choice of the hybrid PIONNER® 30F53 YH was based on its economic importance
in the region, besides the excellent adaptability to the edaphoclimatic conditions.

For the preparation of the strain, initially a bacterial colony was transferred to a 50 ml falcon tube, filled with 5
ml of DYGS liquid medium (Rodrigues Neto, Malavolta Junior, & Victor, 1986), stored at 28 °C in shaker type
incubator at 120 rpm, overnight, forming the pre-inoculum. The next day, 1 ml of the pre-inoculum was
transferred to 250 ml Erlenmeyer flask containing 20 ml of DYGS liquid medium, then returned to the shaker
incubator at 120 rpm at 28 °C for two hours, until the bacterium reached the exponential phase (log) of growth,
defined by the methodology of growth curves (Romeiro, 2001).

After growth, the cells mass present in 1 ml was quantified by spectrophotometry at 660 nm. For the inoculation
the calculation to the concentration of 1.10° cells per ml” was adequate, then calculated the volume necessary to
inoculate 50 seeds, according to the one obtained in the growth curve.

Cells from bacteria, sufficient for the inoculum, were centrifuged, resuspended in saline solution (0.9%) and
inoculated into the 50 seeds, previously disinfected by asepsis in acidified hypochlorite, which consisted of
washing for 20 minutes and then triple wash with distilled water, in the laminar flow chamber.

2.2 Greenhouse and Laboratory

For the greenhouse experiment 12-liter black poliethylen pots were filled with commercial Mecplant® substrate.
After that, different doses of nitrogen, in the form of Super N (45% of nitrogen), were applied, associated or not
with bacterial inoculation, resulting in the treatments: without fertilization (Control); only Burkholderia
ambifaria; 30 kg ha™ of nitrogen; 30 kg ha™' of nitrogen associated with Burkholderia ambifaria; 60 kg ha™ of
nitrogen; 60 kg ha™ of nitrogen associated with Burkholderia ambifaria; 90 kg ha™ of nitrogen; 90 kg ha™ of
nitrogen associated with Burkholderia ambifaria; 120 kg ha of nitrogen; 120 kg ha of nitrogen associated with
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Burkholderia ambifaria. The experimental design used was random blocks and which treatment had three
replications. Six seeds were generated in each pot, after 15 days it was thinned to three plants per pot. Cultural
dealings were carried out during the period of development of culture.

The plants were harvested at 30 and 45 days after the emergence. One plant per pot was evaluated on the
following parameters: aerial dry weight in grams, aerial length in centimeters, epiphytic and endophytic
population of the roots and colony forming units (CFU) per ml. After dry in the vertical oven of forced air at
65 °C for 72 hours, aerial dry weight in gram and foliar nitrogen content in percentage were determined.

To evaluate root production in vitro, the adhesion essay was performed, the corn seeds pass through the same
steps as the previous stage and then transferred to petri dishes filled with two autoclaved sheets of Germitest®
for pre-germination. The dishes were wrapped with aluminum foil and stored in a BOD chamber at 25 °C for 48
hours. In this period the pre-inoculum and inoculum of the bacteria were prepared as in the essay in greenhouse.

Then, the inoculation of the bacteria on the seeds was carried out, as in the greenhouse essay. After two hours the
inoculated seeds were put into test tubes filled with 20 ml of MS medium (Murashig & Skoog, 1962) with and
without nitrogen and all tubes had five centimeters of polypropylene spheres as a support.

Seven days after inoculation, the plants were removed from the test tubes and the following evaluations were
performed: green shoot and root weight in grams, epiphytic and endophytic population counts of the root in CFU
per mL, root morphology. After drying in a vertical oven with forced circulation at 65 °C for 72 hours, the dry
weight of the aerial part and the root in grams and percentage of leaf nitrogen content were determined.

2.3 Evaluations

The counting method for epiphytic colonization consisted in, after the roots were previously washed, putting
them in 1% Chloramine T solution for 30 seconds then triple washed with distilled and autoclaved water, placed
in eppendorf filled with 1000 pL of saline solution. This eppendorf was placed in ultrasonic lavage for 1 minute,
resulting in the dilution of 10", from this solution serial dilution was performed, removing 100 pL of the solution
and resuspending in new eppendorf with 900 uL of saline solution until the dilution of 10¥, each dilution was
placed in triplicate onto the petri dish filled with solid DYGS medium, subdivided into 8 equal parts.

Regarding the colonization count of the endophytic root population, it followed the previous methodology,
however, after passing through 1% Chloramine T and washing, the roots were macerated in crucibles containing
1000 pL of saline solution, after maceration, serial dilution was performed.

The plate counting method is based on the premise that, because of their small size and rate of division, the
development of bacteria can be accounted by the population increase over a certain period, and not by the
increase on its size, with different interpretations of what is growth, increase in population, and what is
accumulation, size increase, considering the number of viable colonies, and not the total number of colonies
(Romeiro, 2001).The dishes resulting from the epiphytic and endophytic counts, between 14 and 18 hours after
preparation stored in an oven at 28 °C, were counted in CFU dishes by the micro-drink methodology proposed
by Romeiro (2001). Each dilution resulted in many viable CFUs present. These CFUs were counted and
transformed by the equation defined by Romeiro (2001). The average of the three samples of each dilution
performed was performed and, subsequently, the resulting value was converted to be shown in the table.

For the nitrogen content, the Kjeldahl method was used, based on the decomposition of the organic matter by the
digestion of the sample at 400 °C with sulfuric acid concentrated, with copper sulfate as catalyst, accelerating the
oxidation of the organic matter. The nitrogen present in the resulting acid solution is determined by steam
distillation followed by titration with dilute boric acid (H3;BO;). The values obtained in the titration were
transformed and demonstrated in percentage (Nogueira, Machado, Carmo, & Ferreira, 2005).

For root morphology, three roots were randomly selected from each treatment. These roots were colored with
bromophenol blue and observed in a 10-fold electron microscope to visualize the present bacterial colony
(Dall’Oglio Chaves, 2013).

2.4 Statistic Analysis

The data were submitted to the variance test (ANOVA) and, when significant, the means were compared by the
Tukey test with 5% of probability to compare the inoculation effect of the growth promoting bacteria and the
regression analysis for the different nitrogen doses by the statistical program SISVAR (Ferreira, 2010).
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3. Results and Discussion

During the greenhouse experiment, the parameters aerial part, foliar nitrogen assimilation and bacterial
population present on the roots of corn plants were evaluated under conditions of presence and absence of
nitrogen, inoculated or not with the bacterial strain, at 30 and 45 days after emergence.

Table 1. Growth promotion in corn plants in absence and bacterial presence, with different doses of nitrogen
fertilization, evaluated at 30 and 45 days after planting in a greenhouse test

) Nitrogen
Bacteria
0 30 60 90 120
30 days
Aerial part fresh weight (g)
Absence 13.08 a* 18.55 a 6.11 a 1733 a 26.70 a
Presence 203 a 14.67 a 2.75 a 21.65 a 3211 a
Aerial part dry weight (g)
Absence 1.15 a 1.39 a 0.57 a 1.26 a 1.84
Presence 0.19 b 124 a 0.27 a 1.65 a 2.45 a
Aerial part height (cm)
Absence 59.87 a 64.00 a 42,17 a 60.00 a 7133 a
Presence 31.00 b 6133 a 47.67 a 6533 a 8033 a
Foliar nitrogen content (%)
Absence 440 a 533 a 2.83 a 7.68 a 7.63 a
Presence 5.60 a 528 a 2.40 a 7.89 a 8.53 a
45 days
Aerial part fresh weight (g)
Absence 5998 a 70.77 a 12.86 b 179.74 a 111.28 a
Presence 940 b 60.17 a 7097 a 12693 b 141.23
Aerial part dry weight (g)
Absence 7.10 a 773 a 3.54 a 1480 a 12.52
Presence 418 a 6.51 a 7.93 a 1395 a 1341 a
Aerial part height (cm)
Absence 94.17 a 9733 a 53.17 b 130.00 a 120.67 a
Presence 71.50 a 86.67 a 101.00 a 123.50 a 130.83 a
Foliar nitrogen content (%)
Absence 248 a 1.04 a 2.37 a 8.29 a 3.66 a
Presence 224 a 139 a 1.95 a 4.16 b 3.68

Note. * Lowercase letters represent the difference between rows, when significant at 5% probability.

At 45 days (Table 1), evaluating each dose with or without bacterial inoculation, it is possible to see that
inoculated plants at the dose of 60 kg ha™ of nitrogen presented higher growth than the not inoculated plants at
same dose. Yet, at the dose of 90 kg ha™ of nitrogen, the fresh weight was higher when not inoculated.

Some researches show that nitrogen application at different stages did not influence in the final corn yield (Ros,
Salet, Porn, & Machado, 2003; Gross, Pinho, & Brito, 2006), however, the results show that, doses higher than
90 kg ha™ of nitrogen, with or without bacterial inoculation in the first development stages, promoted healthier
plants, due to this characteristic the plants may become more resistant to biotic and abiotic inclement weather,
making the investment part of a balanced system where more resistant plants recover or resist better to pests and
diseases attacks.

According to Sangoi, Ernani, and Bianchet (2011), the application of nitrogen within the sowing can damage the
germination of corn seeds, due to the salinity of the chemical fertilizer, that can make it harder for the seed to
absorb water.
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For the height parameter (Table 1), in the absence of nitrogen fertilization, uninoculated plants stood out at 30
days. At 45 days plants inoculated with 60 kg ha™ of nitrogen showed a significantly difference when comparted
to non-inoculated plants submitted to the same dose.

In addition to its participation in biochemical reactions (Coelho et al., 2003), the use of nitrogen in the initial
stages of plant development must be based on the characteristic of the crop and the area, bringing benefits as
occurred in the present research, where the highest the applied doses, the highest the obtained means, or no
meaningful results to germination as occurred for Imolesi, E. D. R. Von Pinho, R. G. Von Pinho, Vieira, and
Correa (2001), Argenta et al. (2003), and Sangoi, Ernani, and Bianchet (2011). Still, the results of this research
suggest that the bacterium can act suppressing part of the nitrogen fertilization need in the initial stages,
justifying the reduction of the lower dose of previous researches.
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Figure 1. Growth promotion in maize plants submitted to different nitrogen doses, in the absence (m [1) and
bacterial presence (#-[1-[) at 30 days after planting, under greenhouse conditions, for the parameters aerial part
fresh weight (APFW) (A.), aerial part dry weight (APDW) (B.), aerial part height (APH) (C.), and foliar nitrogen

content (N%) (D.)

In the presence or absence of bacterial inoculation at 30 days (Figures 1A and 1B) it is evidenced that the
accumulation of fresh and dry weight presents a linear tendency when inoculated and quadratic when not
inoculated, where increasing the dose resulted in gains for both parameters. Bacterial inoculation stod out in both
factors, where inoculated plants showed higher averages than no inoculated at doses of 90 and 120 kg ha™ of
nitrogen.

Working with Azospirillum brasilense on irrigated rice, Cardoso et al. (2014) analyzed root and stem samples,
and concluded that bacteria are not influenced by the soil fertility, however, these nutritional factors may
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influence the activity of microorganisms, as occured in plants that received higher doses of nitrogen and bacterial
inoculation in greenhouse.

Considering the functions of nitrogen in the plant and germination with the actions of bacteria in the soil and
plant, one can ask if the different results according to the applied nitrogen doses and the development period of
the plant do not indicate that there is a balance between the need for complementary fertilization to be supplied
to inoculated plants. Endophytic associative bacteria do not compete for nutrients present in the rhizosphere soil
because they internally colonize it. Because they are within the roots, their bioactive compounds are readily
available to the plant organism, so the plant provides nutrients and habitat for the bacteria, while the bacteria
promote growth and sanity for their host (Mariano et al., 2013), reducing the need for chemical fertilization.

As for the influence of the doses in height gain, of inoculated and non-inoculated plants (Figure 1C), the
inversion of the two previous figures occurs, where the absence of bacterial inoculation presented a linear
behavior and the presence a quadratic behavior, non-inoculated plants stand out with higher averages and
uniform behavior to this parameter. For the foliar nitrogen content (Figure 1D), the absence and presence of
bacterial inoculation showed a quadratic behavior, where the percentage decreased in intermediate doses and
increased again in higher doses, the curves presented similar behavior among themselves.

Reis, Oliveira, V. L. D. Baldani, Olivares, and J. 1. Baldani (2006) explain that many factors influence or inhibit
the action of growth-promoting bacteria. This process requires high energy availability of the cell, the excess of
nitrogen in the ammonium form can inhibit the nitrogenase activity.
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Figure 2. Growth promotion in maize plants submitted to different nitrogen doses, in the absence (m [1) and
bacterial presence (#-[1-[1) at 45 days after planting, under greenhouse conditions, for the parameters aerial part
fresh weight (APFW) (A.), aerial part dry weight (APDW) (B.), aerial part height (APH) (C.), and foliar nitrogen

content (N%) (D.)
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Plants cultivated with 60 kg ha™ of nitrogen showed an abrupt reduction in their performance due to unidentified
caterpillar, a pest that was controlled at the beginning of the symptoms. Mariano et al. (2013) concluded in their
research that growth-promoting bacteria should be used in experiments of growth promotion and pathogen
control to obtain an additional supply of N and induce resistance to multiple root and foliar tissues.

The accumulation of dry and fresh matter (Figures 2A and 2B) respectively, at 45 days after sowing highlights
that the bacteria increased linearly the accumulation of dry mass, while the non-inoculated had a quadratic
behavior. The accumulation of dry mass for both parameters has a linear tendency.

The recovery potential of the plants at 60 kg ha™ of nitrogen when inoculated presented a similar tendency to the
other treatments, while non-inoculated presented lower performance. This characteristic opens a space for
questioning how much of the use of growth-promoting bacteria can be beneficial for the recovery of plants that
have suffered small pest attack.

Plants submitted o higher doses of nitrogen have greater availability of nutrients to do their basic metabolisms,
being the nitrogen essential to many parameters, especially cellular development, considering that, as the dose
increases, cell division increases, increasing thus development of the crop (Souza & Fernandes, 2006).

Evaluating the endophityc population of the roots at 30 days in comparison with 45 days, it was observed a
decrease in the coefficient of inoculation from 30 to 45 days after sowing, going from 10* to 10%. However, it is
noticeable the uniformity of the bacterial population at 45 days.

Table 2. Endophytic and epyphitic bacterial population in corn plants submitted to different doses of nitrogen
fertilization at 30 and 45 days in greenhouse

30d 45d
Bacteria Nitrogen - - ays - - - ays -
Epiphytic Endophytic Epiphytic Endophytic
UFC mL™!

0 4.9 x 10? 5.7 x 10 45x%10° 2.9 % 10°
30 9.1 x 10? 5.6 x 10° 4.3 x 10? 6.5 x 10?

Ausency 60 1.1x10° 5.6 %107 3.4 %107 4.2 x 10
90 3.0 x 10! 4.4 x 10 6.4 x 10? 4.1 x 10?
120 1.5 x 10? 1.7 x 10° 8.0 x 10? 1.7 x 10°
0 3.6 % 10° 4.0 x 10* 5.3 % 10° 9.2 x 10°
30 2.7 % 10* 1.3 x 10° 5.5 x 10? 8.6 x 10?

Presence 60 1.3 x 107 42 % 107 9.7 x 10? 5.1 x 10?
90 7.5 % 10 2.1 %107 4.5 % 10° 5.1 x 10?
120 3.0 x 10° 8.5 x 10? 4.7 x 10? 1.8 x 10?

At 30 after sowing and 30 kg ha of nitrogen (Table 2), the presence of bacteria presented the highest epiphytic
population of 2.7 x 10*CFU ml" and the absence of nitrogen fertilization with inoculation presented the largest
endophytic population of 4.0 x 10* CFU mL™. At 45 days after sowing, the inoculated plants without fertilization
had the highest epiphytic and endophytic population of 5.3 x 10° and 9.2 x 10’ respectively.

Nitrogen has, among others, the function of stimulating the development of corn roots, higher doses may make
bacterial colonization unnecessary or slower, making it difficult the colonization (Mercante, Hungria, Mendes, &
Reis Junior, 2011).

Bacteria from the genus Burkholderia have great ability to compete with plant exudates, which facilitates root
colonization, besides having the capacity to produce antimicrobial compounds, which makes it superior when
competing with other soil microorganisms, with the potential to provide some nutrients and the capacity to grow
in more than 200 organic compounds (Luvizotto, 2008).

Inoculated plants when submitted to higher doses of fertilization showed smaller amount of bacterial population
in their roots, it is noteworthy that the control showed larger bacterial populations when compared to the other
treatments, which reduced according to the increase of the applied fertilization.

Because they can survive within the rhizosphere in a symbiotic way (Reis, Oliveira, V. L. D. Baldani, Olivares,
& J. 1. Baldani, 2006), these bacteria will develop in greater or lesser quantitys according to the need of the
plants, although the initially higher doses help on its initial establishment and penetration in the corn rots, due to
greater cellular loosening in successive divisions (Faquin, 1994), in the posterior days, these doses end up
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turning its activity slower, making the control stand out because of the lower nitrogen availability of easy
assimilation, since the beginning of its development, causing the bacteria to have high activity from the
beginning of their establishment, because there was a greater need for help from them.

Besides these factors, being an ecologically complex environment, the rhizosphere has natural enemies of the
bacteria, the bacterial colonization capacity is influenced by: antibiotic production, used substrate, compatibility
of the bacteria with the rhizosphere, in addition the bacterial population growth rate (Barbosa, Consalter, &
Motta, 2012).

Studies on inoculated legumes have highlighted that high doses of nitrogen at sowing have made the inoculation
less efficient, because of the high availability of nutrients, the bacteria inoculate less intensely the plants, thus
diminishing their potential (Zilli et al., 2008). With the results obtained, is possible to speculate if this
characteristic is not repeated in grasses submitted to the same characteristics.

During the experiment in the laboratory (Table 3) the parameters of aerial part development, root and bacterial
population were analyzed in seedlings grown in vitro under conditions of presence and absence of nitrogen,
inoculated or not with the bacterial strain Burkholderia ambifaria.

Table 3. Growth promotion of corn plants in the presence or absence of bacteria, in culture medium in the
presence or abscence of nitrogen at 14 days in lab

Bacteria Nitrogen
Absence Presence
Aerial part fresh weight (g)

Absence 0.28 bB* 0.38 aA

Presence 0.34 aA 0.39 aA
Aerial part dry weight (g)

Absence 0.04 aA 0.04 aA

Presence 0.05 aA 0.05 aA
Root fresh weight (g)

Absence 0.86 aA 0.92 aA

Presence 0.66 bA 0.59 bA
Root dry weight (g)

Absence 0.23 aA 0.23 aA

Presence 0.24 aA 0.22 aA
Aerial part height (cm)

Absence 8.93 aA 9.85 aA

Presence 9.60 aA 10.92 aA
Root length (cm)

Absence 9.14 aA 7.82 aA

Presence 7.60 aA 7.90 aA
Foliar nitrogen content (%)

Absence 1.73 aA 2.59 aA

Presence 3.63 aA 3.09 aA

Note. * Lowercase letters represent the difference between rows, uppercase letters the difference between
columns, when significant at 5% probability.

Plants cultivated in the absence of nitrogen and in the presence of bacteria differed statistically from the ones
cultivated in the absence of nitrogen and in the bacterial population, for the aerial fresh weight parameter (Table
3). When with nitrogen, the uninoculated plants were statistically superior to the others for roots fresh and dry
weight parameters.

Among the potentials associated with endophytic bacteria, the increase of stem and shoot biomass is among the
most mentioned characteristics in experiments, as well as increase of the number of root hairs (Pillay & Nowak,
1997). Regarding the epiphytic and endophytic population (Table 4), among the results obtained in vitro in the
presence and absence of nitrogen, with or without bacteria, the asepsis efficiency is highlighted, and both
variables classified as control did not present bacterial presence.
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Epiphytically and endophytically (Table 4), inoculated plants in the absence of nitrogen had a higher quantity of
colony forming unities in two roots, 1.0 x 10° epiphytically and 1.1 x 107 endophytically. Bacterial strains
belonging to the genus Burkholderia spp, have mandatory endophytic colonization characteristics (J. Baldani,
Caruso, V. L. Baldani, Goi, & Dobereiner, 1997), this characteristic was confirmed both in the presence or
absence of nitrogen, with greater number of colonies internally than externally of the roots.

Table 4. Epiphytic and endophytic bacterial population in corn plants submitted to culture médium with and
without nitrogen at lab

Bacteria Nitrogen Epiphytic Endophytic
CFUmL"
Absence Absence 0.00 . 0.00 )
Presence 1.0 x 10 1.1 x10
Presence Absence 0.00 0.00
Presence 9.4 x10° 1.6 x 10°

Microorganisms with endophytic potential are attracted from the soil to the roots of plants by the release of
organic exudates (chemotaxis) and thus penetrate the root tissues, reaching different organs such as leaves, stems
and flowers. This tissue penetration is performed by the release of hydrolytic enzymes such as cellulases and
pectinases or by natural openings in the plant (Hallmann, Quatt-Hallmann, Mahafee, & Kloepper, 1997).

Barreti, Romeiro, Mizubuti, and Souza (2009), conclude in their experiment with 150 endophytic isolates that
the growth promoting bacteria being evaluated in tomato plants, promoted greater growth in height and root,
besides a greater leaf area, fresh and dry matter weight.

Figure 3. Root morphology comparing maize plants inoculated with B. ambifaria and its control in the presence
and absence of nitrogen, being: control without nitrogen (A), control with nitrogen (B), Burkholderia ambifaria
without nitrogen (C), and Burkholderia ambifaria with nitrogen (D)

Source: The authors, 2015.
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The root morphology (Figure 3D) shows that the plants inoculated with nitrogen in the culture medium present a
great bacterial activity around their roots, while inoculated seeds in the absence of nitrogen (Figure 3C)
presented a lower epiphytic population, however, the count of endophytic population (Table 4) was higher than
the other treatments, finally Figures A and B, which represent the controls, do not present any bacterial
population.

The inoculation with growth promoting bacteria in Poaceae present an enormous potential for study, even
without a definition of the best bacteria for each cultivated specie, the tests present great potential, demonstrating
that in a near future, the use of agricultural inputs cam be reduced, opening space to a cheaper substitute that
causes less damage to the environment.

Mariano et al. (2013) cite in their study that bacteria can be used as strategies that aim to increase production,
reducing the damages to the environment, where, in addition to financial factors, the social and political factors
of each region are considered. As native to the soil, bacteria do not interfere with the ecological balance, thus
being able to fit into the perspectives of organic and sustainable agriculture.

In addition to the sustainable characteristics, it is important to highlight the increase of productivity and
profitability in inoculated plants, such as the results obtained in the works of: Sala, Cardoso, Freitas, and Silveira
(2008) in wheat plants, where inoculation resulted in dose reduction (2004), where corn plants associated with
growth promoting bacteria reduced the need for nitrogen fertilization, by Silveira, Gome, Mariano, and Silva
Neto (2004), with the improvement of cucumber seedlings when the seeds were inoculated with
growth-promoting bacteria of Sabino, Freitas, Guimaraes, Bandani, and Conquista (2012), resulting in increased
biomass and better initial development of rice seedlings, among others highlighting that the potential of growth
promoting organisms can extend to differentiated families, with the Cucurbitaceous, in the case of the cucumber,
as has happened with the Leguminosae.

The use of plant growth promoting bacteria, associated or not to different doses of nitrogen fertilization,
promoted the development of some morphological characteristics of the maize crop. Studies of bacterial action
in distinct phases of the crop are essential for understanding the relationship between the plant and the
microorganism, aiming the efficient use of this characteristic in favor of the final productivity and use of natural
resources.
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