ISSN 1807-1929

Revista Brasileira de Engenharia Agricola e Ambiental
v.23, n.11, p.840-846, 2019
agriambi Campina Grande, PB, UAEA/UFCG - http://www.agriambi.com.br

DOIL: http://dx.doi.org/10.1590/1807-1929/agriambi.v23n11p840-846

Application methods of Azospirillum brasilense in first-
and second-crop corn

Rita de C. F. Alvarez!, Jamile Benetdo!, Gustavo R. Barzotto?, Maria G. de O. Andrade® &
Sebastido F. de Lima!

! Universidade Federal do Mato Grosso do Sul/Departamento de Agronomia. Chapadao do Sul, MS, Brasil. E-mail: ritacfalvarez@gmail.com (Corresponding
author) - ORCID: 0000-0002-1655-9939; jamile.benetao@gmail.com - ORCID: 0000-0002-0838-4083; sebastiao.lima@ufms.br - ORCID: 0000-0001-
5693-912X

% Universidade Estadual Paulista “Jilio de Mesquita Filho”/Faculdade de Ciéncias Agronémicas/Departamento de Horticultura. Botucatu, SP, Brasil.
E-mail: grbarzotto@gmail.com - ORCID: 0000-0002-7307-0208

* Universidade Estadual Paulista “Julio de Mesquita Filho”/Faculdade de Engenharia/Sistemas de Producéo. Ilha Solteira, SP, Brasil. E-mail:
gabrielal 3andrade@hotmail.com - ORCID: 0000-0002-3348-5150

ABSTRACT: This study investigated whether inoculation of Azospirillum brasilense in the seeds or sowing
furrow could reduce the need for nitrogen fertilizer application in the corn grown in the first and second crop
harvest. The experiments were conducted, in the municipality of Chapadéo do Sul, MS, Brazil, in the first crop
harvest (2014/2015) and in the second crop harvest (2016). The early maturity hybrids CD 384 HX and P3132H
were used in the first and in the second harvest corn, respectively. In both experiments, the experimental design
was the randomized blocks with eight treatments and three repetitions. At the silking (R1 stage), the leaf N
concentration, relative chlorophyll index and nitrate reductase activity were measured, at the physiological
maturity (R6 stage), the plant height, first ear insertion height, one hundred grain mass, grain yield and grain N
concentration were measured. In the first crop harvest, the application of Azospirillum brasilense at the sowing
furrow resulted in higher N concentration and relative chlorophyll index in corn leaves, while the inoculation
of A. brasilense in the seeds provided higher N concentration in the grains. The nitrate reductase activity in corn
leaves was lower when inoculation was performed. In the second crop harvest, the inoculation did not affected
the N concentration in the leaves and in the grains, the relative chlorophyll index and the growth of corn plants.
Inoculation in the sowing furrow associated with the application of 20 kg N ha" at sowing and 120 kg N ha™! at
topdressing resulted in lower nitrate reductase activity.
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Formas de aplicagdo de Azospirillum brasilense
no milho primeira e segunda safra

RESUMO: Objetivou-se verificar se a inoculagao de Azospirillum brasilense via semente ou sulco de semeadura
pode reduzir a necessidade de adubagio nitrogenada no milho, em primeira e segunda safra. Os experimentos
foram conduzidos, no municipio de Chapadao do Sul, MS, em primeira safra (2014/2015) e segunda safra (2016).
Na primeira safra utilizou-se o hibrido CD 384 HX e na segunda safra, o hibrido triplo P3132H, ambos de ciclo
precoce. Para os dois experimentos, o delineamento experimental foi em blocos ao acaso com oito tratamentos
e trés repeticdes. Foram mensurados, no estadio R1: o teor de N foliar, indice relativo de clorofila, atividade
da redutase de nitrato, e na maturacéo fisioldgica: a altura de plantas e de insercdo de primeira espiga, massa
de cem graos, produtividade de graos e teor de N nos graos. Na primeira safra, a inocula¢ao de Azospirillum
brasilense na cultura do milho proporcionou maior teor de N e indice relativo de clorofila quando feita no sulco
de semeadura, enquanto a inoculagdo nas sementes proporcionou maior teor de N nos gréos. A atividade da
enzima nitrato redutase nas folhas foi menor quando realizada a inoculagéo. Na segunda safra a inoculagdo
ndo afetou os teores de N foliar e de grios, o indice relativo de clorofila, afetou o crescimento das plantas. A
inoculagio no sulco de semeadura aliada a aplicagdo de 20 kg de N ha! na semeadura + 120 kg de N ha' em
cobertura resultou em menor atividade da enzima nitrato redutase.

Palavras-chave: Zea mays, bactéria diazotroficas, teor de nitrogénio, atividade do nitrato redutase
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INTRODUCTION

High grain yield levels of cereal crops, such as corn, can
be achieved when large amounts of fertilizers are applied,
especially nitrogen fertilizer. Nitrogen is one of the nutrients
most required by corn crop and is related to the leaf area
index, biomass accumulation and grain yield (Franca et al.,
2011). However, optimization of the nitrogen use efficiency
is fundamental to obtain high crop grain yield, reduce the
production cost and reduce the environmental and economic
damages related to the inadequate use or low efficiency of
the fertilization. In this sense, the association of cereal crops
with endophytic diazotrophic bacteria may represent one of
the most promising alternatives to promote plant growth, soil
management and environmental quality.

Regardless of soil N availability, the absorption efficiency
is the most important component of the N use efficiency (Vale
et al., 2012), creating the possibility of using the bacterium
Azospirillum brasilense. Martins et al. (2017) used corn seeds
inoculated with A. brasilense and reported a higher N recovery
provided by mineral fertilization, which increased the grain
yield of the crop. Ferreira et al. (1987) and Pereira-Defilippi et
al. (2017) verified changes in the nitrate reductase (NR) activity,
an enzyme directly related to the N metabolism of the plant.

However, the response to inoculation of A. brasilense can
vary with the plant genotype (Brusamarello-Santos et al., 2017),
edaphoclimatic conditions (Martins et al., 2017), inoculation
method and N availability in the growing medium (Pereira-
Defilippi et al., 2017). Thus, the objective of this study was to
investigate whether inoculation of A. brasilense in the seeds or
sowing furrow can reduce the need for N fertilizer application
in the corn grown in the first and second crop harvest.

MATERIAL AND METHODS

The experiments were carried out during the 2014/2015
growing season (1°* harvest corn) and 2016 growing season (2™
harvest corn), in a deep Oxisol at the Universidade Federal do
Mato Grosso do Sul, Campus of Chapadéo do Sul, MS, Brazil.
The regional climate, according to the Koppen classification
is Aw, characterized as tropical climate with a mean annual
temperature of 22.7 °C, and mean annual rainfall of 1,598 mm.
The daily rainfall and temperature data gathered during the
period of the experiments are shown in Figure 1.

Before starting the experiments, the soil was sampled from
the 0-0.20 m layer for the chemical characterization. The main
chemical properties were as follow: pH in CaCl, of 4.7,
29.5 g dm? of organic matter, 11.6 mg dm™ of P (Resin),
5.3 cmol_dm™ of H + Al, 0.26 cmol_dm™ of K*, 2.3 cmol_dm of
Ca*, 0.5 cmol_dm™ of Mg**, 8.4 cmol_dm™ of cation exchange
capacity and 37% of soil base saturation.

The experiments were arranged in a complete randomized
block design with eight treatments (Table 1) and three
repetitions. The experimental units consisted of five 5.0-m
long rows, with 0.45 m between rows. The observation area
comprised the three central rows of each plot, disregarding
0.50 m of each edge, totaling 5.4 m?>.

The triple hybrid CD 384 HX was sown in the first corn
crop (2014/2015 season), while in the second crop (2016
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Figure 1. Daily rainfall and maximum and minimum
temperature during the conduction period of the experiments
with corn crop in the 1% crop harvest (2014/2015) and in the
2™ crop harvest (2016), in Chapadao do Sul, MS, Brazil

season) the triple hybrid P3132H was sown. Both hybrids are
of early maturity, and the recommended plant population is
60,000 plants ha™.

In their respective treatments, the seeds were previously
inoculated with the Azospirillum brasilense AbV,_ and AbV,
strains (2 x 10® viable cells mL), applying 100 mL 20kg™
of seeds. The seeds were placed in a plastic bag, and after
addition of the inoculant, they were homogenized for 2 min
to standardize the inoculant on all seeds. The application of
the inoculant to the sowing furrow was performed using
500 mL ha' of the commercial product, which was sprayed
directly on the seeds, and then the furrow was closed, and the
seeds covered with soil.

In both experiments, sowing fertilization was performed
with the application of 412 kg ha™' of the fertilizer 0-20-20 +
11% of Ca + 4% of S, according to the results of the soil analysis
and the fertilization recommendation for corn crop (Sousa &
Lobato, 2004). Application of N fertilizer in topdressing was
performed when the plants had the fifth leaf fully emerged (V5
stage). The N doses were applied according to the treatments,
in the row of corn planting, without incorporation to the soil.
The N fertilizer used was urea (45% of N). At the time of N
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Table 1. Treatments used and their description

Rita de C. FE. Alvarez et al.

Treatments Description (1! crop harvest)

Inoculant applied at seeds + 20 kg ha*' of N at sowing + 120 kg ha-! of N at topdressing

500 mL ha'' of inoculant applied at sowing furrow + 10 kg ha-' of N at sowing + 60 kg ha-' of N at topdressing

US + N1 Uninoculated seeds + 10 kg ha™* of N at sowing + 60 kg ha™' of N at topdressing

US + N2 Uninoculated seeds + 20 kg ha-" of N at sowing + 120 kg ha-" of N at topdressing

IS + NO Inoculant applied at seeds, not fertilized with nitrogen

IS + N1 Inoculant applied at seeds + 10 kg ha-! of N at sowing + 60 kg ha-' of N at topdressing
IS + N2

IF + NO 500 mL ha'' of inoculant applied at sowing furrow, not fertilized with nitrogen

IF + N1

IF + N2

US + N1
US + N2
IS + NO
IS + N1
IS + N2
IF + NO
IF + N1
IF + N2

500 mL ha'! of inoculant applied at sowing furrow + 20 kg ha-' of N at sowing + 120 kg ha™' of N at topdressing
Description (2™ crop harvest)

Uninoculated seeds + 10 kg ha-" of N at sowing + 50 kg ha™' of N at topdressing

Uninoculated seeds + 20 kg ha-" of N at sowing + 100 kg ha-' of N at topdressing

Inoculant applied at seeds, not fertilized with nitrogen

Inoculant applied at seeds + 10 kg ha-' of N at sowing + 50 kg ha-' of N at topdressing

Inoculant applied at seeds + 20 kg ha“" of N at sowing + 100 kg ha*' of N at topdressing

500 mL ha of inoculant applied at sowing furrow, not fertilized with nitrogen

500 mL ha'* of inoculant applied at sowing furrow + 10 kg ha-' of N at sowing + 50 kg ha"' of N at topdressing

500 mL ha'' of inoculant applied at sowing furrow + 20 kg ha-! of N at sowing + 100 kg ha™' of N at topdressing

application, the soil had optimum moisture conditions to
provide adequate dissolution of the fertilizer and minimize
the losses of N by ammonia volatilization.

In the first crop harvest, weed management was carried out
with the post-emergence herbicide tembotrione (108.8 + 1000 gha™!
of the active ingredient). The application was performed in the
V4 stage. Pest and disease control were not necessary. In the
second crop harvest, weed management was performed with
two herbicide applications, the first at sowing and the second at
42 days after emergence (DAE) using tembotrione (180 mL ha™!
of commercial product) + atrazine ( 5.0 L ha' of commercial
product). Pest control was performed with two sprays, the first
at seeding and the second at 46 DAE using methomyl (0.4 L ha™
of the active ingredient) + (imidacloprid + beta-cyfluthrin)
(700 mL ha! of commercial product). The applications of the
phytosanitary products were carried out with tractor sprayer,
using a spraying volume equivalent to 150 L ha™’.

At thesilking (R1 stage), 15 corn leaves (opposite and below
the spike) per plot were sampled according to the methodology
of Malavolta et al. (1997). In the laboratory, leaves were washed
with deionized water, oven-dried at 65 °C for 72 h, and finely
ground in a Willey mill. Total N concentration was determined
by the Kjeldahl method with digestion in sulfuric acid solution
and vapor distillation as described by Silva & Queiroz (2006).

Relative chlorophyll index (RCI) was measured at the R1
stage using a portable chlorophyll meter, clorofiLOG model
CFL-1030 (Falker Automagdo Agricola Ltda., Porto Alegre,
RS, Brazil), with five measurements per plot at the central
part of the ear leaf.

In the R1 stage, nitrate reductase (NR) enzyme activity
was also determined according to the method described by
Majerowicz et al. (2003). Portions of the ear leaf from five
corn plants were cut and used for the determination of nitrate
reductase because it is the part of the plant with the highest NR
activity (Reed et al., 1980). The material was collected between
10:00 and 12:00 h, period of the day when the plants received
at least three hours of sunlight and the NR already reached its
maximum activity (Reed et al., 1980; Lillo, 1984).

At harvest, carried out at 103 DAE (1* crop harvest) and
at 146 DAE (2™ harvest), the plant height, first ear insertion
height, one hundred grain mass, grain yield and grain N
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concentration were measured. The plant height and first
ear insertion height were determined in 10 plants per plot,
considering the distance from the soil level to the insertion of
the corn tassel and the insertion of the first ear, respectively.
Grain yield was determined from the harvesting of the corn ears
contained in the central portion of each plot (1.35 x 4.00 m). Grains
were cleaned and weighed, and the grain yield was estimated
after the correction of grain weights to 13% of moisture. The
mass of 1,000 grains was determined by the average of three
measurements of 100 grains taken at random. A sample
of corn grains per plot was taken to determine the total N
concentration. The samples were dried, ground and subjected
to N determination, according to the methodology described
by Malavolta et al. (1997).

Data were submitted to analysis of variance separately for
each experiment and the means of the treatments grouped by
the Scott-Knott test at the p < 0.05.

RESULTS AND DISCUSSION

The inoculation of A. brasilense modified the concentrations
of N in the corn leaf tissue. The treatments that resulted in
higher leaf N concentration in the 1% crop harvest was with
N fertilizer application and without inoculation (US + N1
and US + N2) or with the application of A. brasilense in the
sowing furrow (IF + N1 and IF + N2). In the 2™ crop harvest,
the treatments did not influence the leaf N concentration in
the corn plants (Table 2).

The leaf N concentration is highly related to the amount
of nutrient absorbed by the plants (Gazola et al., 2014).
These authors reported a positive correlation between the
increase of N doses applied with leaf N concentration, plant
height and grain yield of the second crop harvest. The highest
concentration of N in the corn leaves reported by these authors
was 24.2 g kg of N; this concentration is close to the average
obtained in the 2™ crop harvest (24.84 g N kg!) and above the
value observed in the first-crop corn (22.23 g N kg).

The inoculation of A. brasilense in the seeds associated to
the application of the lower N fertilizer dose (IS + N1) resulted in
the higher N concentration in the corn grains in the 1% crop harvest
(Table 2). The highest grain N concentration (13.04 g kg")
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Table 2. Leaf nitrogen concentration, grain nitrogen concentration and nitrate reductase activity as affected by the application

methods of Azospirillum brasilense associated to the doses of nitrogen fertilizer application in the corn grown in the first

(2014/2015) and in the second crop harvest (2016)
Leaf N concentration

Treatments’ (g ko)

1%t harvest? 2" harvest?

Grain N concentration

1%t harvest?

Nitrate reductase activity
(umol g' h7)

2" harvest? 1%t harvest? 2" harvest?

US + N1 25.30a 26.84 a 10.03d 12.81a 2.35b 2.82¢
US + N2 26.83 a 25.31a 9.71d 14.87 a 2.39b 2.84¢
IS + NO 20.09¢ 23.67 a 10.92 ¢ 14.03 a 1.68 ¢ 2.79¢
IS + N1 22.53b 24.69 a 13.04 a 1453 a 151f 2.69d
IS + N2 20.17 ¢ 25.31a 1113¢ 14.44 a 2.79a 2.96b
IF + NO 20.97 ¢ 23.69 a 11.94 b 13.31a 2.22¢ 2.04¢
IF + N1 25.73 a 24.76 a 8.33¢ 13.58 a 1.77d 3.11a
IF + N2 27.45a 24.42 a 10.40d 1413 a 1.68¢ 1.65f
F value 23.50™ 1.28" 43.20™ 2.39m 987.60™ 34413
CV (%) 1.82 7.48 3.53 8.97 1.21 2.01

! Details of treatments are given in Table 1

? Mean followed by the same letter in the columns, do not differ by the Scott-Knott test at p < 0.05

in this treatment was 32.1% higher than the average of the
treatments without inoculation (9.87 gkg') and 27.5% higher
than the mean values obtained with the application of A.
brasilense in the sowing furrow (10.22 g kg?). In the 2™ crop
harvest, the treatments did not result in significant effect on
the N concentration of the grains.

The results presented here reported differences in the
responses to N accumulation in the corn grains when
inoculation was performed in the sowing furrow or seeds.
While the application of A. brasilense in the seeds increases the
concentration of N in the foliar tissues, in the sowing furrow
resulted in lowest N concentrations in the corn grains. The
establishment or colonization of the bacterium is a point to be
considered since the availability of N in the soil can limit its
relationship with the host plant (Pereira-Defilippi et al., 2017).

In some studies, positive responses in grain yield or nitrate
reductase activity (NR) with inoculation of A. brasilense in
seeds were obtained using a higher concentration of viable
cells in their treatments (5 x 108 viable cells mL') (Martins et
al., 2017; Pereira-Defilippi et al., 2017). Thus, the effects of the
bacteria when inoculated in the sowing furrow can be seen in
the higher N concentration and lower NR activity in the leaves.

The NR activity was influenced by the two maize growing
seasons (Table 2). In the 1* crop harvest, the highest value was
obtained in the treatment with inoculation of A. brasilense
in the seeds associated with the highest dose of N fertilizer
application (IS + N2). In the 2" crop harvest, the highest NR
activity was verified when A. brasilense was applied to the
sowing furrow associated with the application of the lowest N
fertilizer dose (IF + N1).

About the N concentration in the corn grains, some studies
have shown that N fertilization can increase the protein content
of the grains (Goron et al., 2017; Martins et al., 2017). These
authors also reported that N fertilization had more impact on
the nutritional quality of the grains, while the inoculation of
A. brasilense had a more pronounced effect on the increase of
grain yield.

However, Duete et al. (2009) argued that the nutrient
availability induces the accumulation of N in corn grains at
certain plant growth stages, which reported in their study the
greater use of N by the grains when applied in the V8 stage.
However, there is evidence that the efficiency of N uptake is

reduced only from the crop flowering. Thus, the influence of the
bacteria on the grain N concentration observed in this study may
be a result of later supply of N. Another study that evidenced
this fact was carried out by Silva et al. (2005), which obtained an
increase in yield and protein concentration of corn grains with
N fertilizer application after the silking (R1 stage). Thus, they
suggest that hybrids more responsive to N fertilization retain
these characteristics, maintaining the nitrogen uptake by the
roots and their remobilization to the seeds.

Among the metabolic responses resulting from the action of
A. brasilense, it is possible to highlight the greater development
of the roots, which allows for a greater recovery of N applied
(Martins et al., 2017). This increase in roots is due to higher
hormonal activity, mainly auxins (Puente et al., 2017) and the
symbiotic fixation of N, (Brusamarello-Santos et al., 2017). It
should be noted that the colonization and metabolic production
capacity of the bacteria are dependent on the genotypes
(Brusamarello-Santos et al., 2017), edaphoclimatic conditions
(Martins et al., 2017) and soil N availability (Pereira-Defilippi
etal,, 2017). In other cereal crops, the gain in N accumulation
in the grains in inoculated plants, such as wheat and barley, has
been reported (Souza et al., 2014; Barzotto et al., 2018).

Ferreira et al. (1987) evaluated the inoculation of wheat
seeds with A. brasilense (strain Sp7 = ATCC29.145, Sp 107st,
Sp 245 and 5NR, mutants obtained from SP245) and its effect
on NR activity in roots and shoots. The results showed that the
NR activity was always higher in the presence of the bacteria,
suggesting a bacterial nitrate reductase activity, and when this
evaluation occurred in high nitrate availability in the growth
medium, it was verified that the nitrate translocation to the
reduction in the plant shoots decreased, but the NR activity
remained high in the roots, indicating that the nutrient was
translocated in its reduced and assimilable form, which led
to the greater dry matter accumulation of the plants. The
N concentration of the plant tissues was not influenced by
inoculation of A. brasilense, but less soluble N was obtained
in the inoculated plants, indicating its greater assimilation.

Pereira-Defilippi et al. (2017) reported that A. brasilense
is capable of stimulating the transcription of genes encoding
nitrate reductase enzyme in corn plants. The size of this
stimulus is affected by the inoculation method, by the
availability of N, and especially by the genetic material used.

R. Bras. Eng. Agric. Ambiental, v.23, n.11, p.840-846, 2019.
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Pereira-Defilippi et al. (2017) showed that while corn hybrids
obtained distinct increases in gene expression, the varieties
did not respond to inoculation.

Reis-Junior et al. (2008) reported that the variability of
the results of A. brasilense inoculation research had been
commonly observed, mainly due to inconsistency in root
colonization, inoculum survival problems or environmental
conditions unfavorable to the bacterium. Thus, the treatments
used affected the capacity of bacterial nitrate reductase
production in different modes. The treatments with inoculation
in the sowing furrow and N fertilization in the 1* crop corn
(IF + N1 and IF + N2), followed by inoculation in the seeds in
association with the lower N application dose (IS + N1) (Table
2) resulted in low NR activity and high N concentration in
corn leaves, indicating a lower amount of N absorbed by the
roots and consequently lower NR enzyme activity in the plant
shoots, as proposed by Ferreira et al. (1987).

In the 2" crop harvest, the mean value of treatments for
NR activity was 2.61 umol g' h*!, while in the 1% crop harvest
it was 2.05 pmol g h™'. Only the treatment with inoculation
in the sowing furrow associated with high N dose (IF + N2)
had lower NR activity in the leaves. The lower availability of
water may have caused a lower supply of N applied, resulting
in less activity of the enzyme in the leaves.

The relative chlorophyll index (RCI) was significantly
influenced by treatments only in the 1% crop corn (Table 3).
The treatments with inoculation of A. brasilense in the sowing
furrow had higher RCI when compared to treatments with
inoculation in the seeds.

As previously reported, Ferreira et al. (1987) found that
the presence of A. brasilense in the roots and consequent
reduction of N by the bacterial nitrate reductase provided
greater growth of the wheat plants, but did not alter the leaf
N concentration. The authors verified reduction in soluble N
in the leaves, indicating greater assimilation of this nutrient.
This is interesting, since the excess of N in the leaves, if not
metabolized, cannot be incorporated into the chlorophyll
molecule, and is not detected by the chlorophyll meter
(Blackmer & Schepers, 1994).

In the 1% crop harvest, the plant height was higher in the
treatments with A. brasilense application or in the treatments
that were only applied to the higher N fertilizer dose (US +

N2), except when the bacterium was applied in the sowing
furrow and associated with a higher dose of N fertilizer (IF +
N2) (Table 3). In the 2™ crop harvest, there was no difference
in plant height. This also occurred for the first ear insertion
height, with difference only in the 1* crop harvest, but the
treatment with A. brasilense application in the sowing furrow
associated with the higher N dose (IF + N2) resulted in higher
ear insertion height, followed by treatment with inoculation
in the seeds and higher N fertilizer dose (IS + N2), while the
other treatments had the lowest values.

Some authors have related the higher plant height of corn
to plant-bacterial interaction through the production of plant
hormones (Hungria et al., 2011; Kappes et al., 2013), but also
to the greater use of N, which may influence growth of plants
(Repke et al., 2013). This was verified in this study, in the first
crop harvest, when the treatments without inoculation (US +
N1 and US + N2) were compared. Even plants not fertilized
with N, but inoculated with A. brasilense, presented higher
height, except when A. brasilense was applied in the sowing
furrow in association with the highest N dose (IF + N2). In
the 2" crop harvest, the climatic conditions may have reduced
the response to N, since there was no rainfall in approximately
three weeks after the application of the N fertilizer in
topdressing (Figure 1). According to Martins et al. (2017),
climatic conditions may affect plant response to inoculation.

As reported by Sangoi et al. (2002), plant height and
ear insertion height are strongly influenced by the balance
of hormones in plant growth zones, especially the auxin
concentration. When the plants have greater accumulation
in the stem growth regions and male inflorescence, changes
in the tissues that lead to greater plant height and greater ear
insertion height can occur, due to the delay in the female floral
differentiation about the male inflorescence. As A. brasilense
is known for the production of auxins, plant morphological
changes may be due to this plant-bacterial interaction.

The mass of 1,000 grains was not influenced by treatments
in the 1* crop harvest (Table 4). In the 2™ crop harvest, the
mass of 1,000 grains was higher with the application of the
higher N fertilizer dose and in the absence of inoculation (US
+ N2) or when the A. brasilense was applied in the sowing
furrow (IF + N2).

For the corn grain mass, a great variation has been observed
in the studies with plants inoculated with A. brasilense or

Table 3. Relative chlorophyll index, plant height and first ear insertion height as affected by the application methods of
Azospirillum brasilense associated to the doses of nitrogen fertilizer application in the corn grown in the first (2014/2015) and
in the second crop harvest (2016)

o Relative chlorophyll index Plant height - First ear insertion height
1 harvest? 2" harvest? 1 harvest? 2" harvest? 1%t harvest? 2" harvest?

US + N1 56.48 b 4720 a 1.84b

US + N2 57.10b 48.08 a 193a 165a 0.61¢c 0.56a
IS+ NO 57.68b 48.68 a 1944 1.73a 0.64¢ 0.60a
IS + N1 52.12¢ 47.61a 1.89a 1.75a 0.62¢ 0.59a
IS + N2 52.93 ¢ 49.02 a 191a 174 a 0.71b 0.61a
IF + NO 59.61 a 48.83 a 1.94 a 1.65a 0.61c¢c 0.56 a
IF + N1 61.98a 48.33 a 1.88a 1.71a 0.56¢ 0.62a
IF + N2 61.72 a 47.28 a 1.83b 1.64 a 0.76 a 0.62 a
F value 15.53™ 0.169 4617 0.64 13.80™ 0.920
CV (%) 2.79 6.48 1.82 5.41 4.83 7.58

! Details of treatments are given in Table 1

2 Mean followed by the same letter in the columns, do not differ by the Scott-Knott test at p < 0.05
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Table 4. Mass of 1,000 grains and grain yield as affected by the
application methods of Azospirillum brasilense associated to
the doses of nitrogen fertilizer application in the corn grown
in the first (2014/2015) and in the second crop harvest (2016)
Mass of 1,000 grains (g) Grain yield (kg ha™')

1
WIS 1%t harvest? 2" harvest? 1% harvest? 2" harvest?

US + N1 318.2a 324.4b 10,331 b 7,864 ¢
US + N2 322.3a 345.3a 11,159 a 9,708 a
IS + NO 307.5a 325.1b 10,694 b 8,621b
IS + N1 315.4a 3241 b 10,398 b 8,678 b
IS + N2 3414a 331.2b 10,500 b 8,867 b
IF + NO 313.3a 318.2b 10,414 b 8,714 b
IF + N1 327.3a 3295bh 10,984 a 7,757 ¢
IF + N2 320.7 a 3459 a 11,039 a 9,013 b
F value 3.47 251" 2.70 1747
CV (%) 1.79 3.34 3.24 3.32

! Details of treatments are given in Table 1
? Mean followed by the same letter in the columns, do not differ by the Scott-Knott test
atp <0.05

fertilized with N. Some results show that N availability may
potentiate mass gain in grains, and consequently increase in
grain weight with the application of high doses of N fertilizer
(Repke et al., 2013). Other studies reported variations only
among genetic materials (Cadore et al., 2016), while Kappes et
al. (2017) did not respond with the inoculation or application of
N doses. These authors, however, have argued that the adequate
N availability in the period between flowering and the beginning
of the grain filling is fundamental so that its translocation to the
grains is effective, without losses in the specific mass.

Portugal et al. (2017) obtained a lower mass of 1,000 grains
when the seeds were inoculated with A. brasilense, similar to
the result obtained for the majority of treatments inoculated
in the present study. The authors' explanation for this negative
effect is that the bacterium, being heterotrophic, requires N for
its survival, being able to compete with the plant in case of low
nutrient availability in the soil. Due to the lower availability of
water after the application of N fertilizer in the 2" crop harvest
(Figure 1), it is possible that its absorption has been reduced,
resulting in a lower translocation in seed formation.

The highest grain yield in the first corn crop harvest was
obtained with the application of the highest N fertilizer dose
and in the absence of inoculation (US + N2) or when the
inoculation was performed in the sowing furrow (IF + N2)
and also in the lowest N dose with A. brasilense applied in
the sowing furrow (IF + N1), that is, it was possible to reduce
the N fertilizer dose obtaining the same corn grain yield. The
other treatments did not differ from each other. In the 2
crop harvest, the highest grain yield was obtained only with
the highest N fertilizer dose and without inoculation (US +
N2), while the lower N dose without inoculation (US + N1)
or when the inoculation was performed in the sowing furrow
(IF + N1) resulted in lower grain yield.

The importance of N to obtain high productivity in corn
crop is indisputable. It should be emphasized the interference
of A. brasilense in the N metabolism for the plant, with a higher
recovery of N applied (Martins et al., 2017) or its biological
fixation (Brusamarello-Santos et al., 2017), as well as the
activity of bacterial nitrate reductase (Ferreira et al., 1987),
which resulted in high leaf N concentration and higher relative
chlorophyll index.
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This can be seen in the 1 crop harvest when the inoculation
of A. brasilense in the sowing furrow with the application of the
lower N dose resulted in grain yield similar to the treatment
that was fertilized only with the higher N fertilizer dose, or
in treatments inoculated with A. brasilense which were not
fertilized with N, but obtained grain yield similar to the others
that were fertilized with N. In the 2" crop harvest, this effect
can also be highlighted, since the treatments inoculated with A.
brasilense that were not fertilized with N obtained grain yield
superior to the non-inoculated treatment and fertilized with
the lower N dose, although the highest grain yield was obtained
only with the application of the higher N fertilizer dose.

CONCLUSIONS

1. In the first crop harvest, the use of 500 mL of the
inoculant containing A. brasilense in the sowing furrow in
association with application of 10 or 20 kg N ha™ at sowing
and 50 or 100 kg N ha™ at topdressing provided higher N
concentration and relative chlorophyll index in the corn leaves,
while the application of 100 mL of the inoculant per 20 kg of
seeds in association with the use of 10 kg N ha™ at sowing and
50 kg N ha™! at topdressing provided a higher N concentration
in the corn grains.

2. Nitrate reductase activity in the corn leaves was lower
when inoculation of A. brasilense was carried out in the seeds.

3. In the first crop harvest, inoculation of A. brasilense
provided higher plant height, and did not increase grain yield
of corn crop; however, with inoculation in the sowing furrow,
it was possible to reduce the amount of N fertilizer applied by
50% without causing loss of grain yield.

4. In the second crop harvest, the inoculation did not
promote effects on the N concentration in the leaves and
in the grains and did not modify the chlorophyll index and
height of the corn plants. The inoculation at the sowing furrow
associated with the application of the higher N fertilizer dose
resulted in lower nitrate reductase activity in the leaves.

5.In the second crop harvest, a greater mass of 1,000 grains
was obtained with the application of the higher N fertilizer
dose alone or in combination with inoculation in the sowing
furrow. The highest grain yield was obtained only with the
application of the highest N fertilizer dose.
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