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ABSTRACT

In search of a more sustainable agriculture, the use of beneficial microorganisms has been
highlighted, because they are low-cost and can reduce the use of fertilizers and increase
grain yield. The present study aimed to evaluate the efficiency of A. brasilense inoculation
and the best form and dose of inoculation in maize, measuring the impact on some physical
characteristics and on its nutrition. The experiment was conducted in a greenhouse, in
Ilha Solteira, SP, Brazil, in a completely randomized design, with four replicates and eight
treatments: 1) control; 2) Seed 1x; 3) Seed 2x; 4) Soil 1x; 5) Soil 2x; 6) Leaf 1x; 7) Leaf
2x; 8) Seed 1x + Leaf 1x, respectively representing in each treatment the site and dose of
application (1x, dose recommended by the manufacturer; 2x, twice the dose recommended
by the manufacturer). No differences were found in any physical characteristics evaluated
between treatments; however, for nutrient contents in the leaf tissue, there was effect on Zn
content. It was concluded that, regardless of the presence of A. brasilense inoculation, forms
or dose (in hybrid DKB 350), in general, there were no improvements in the characteristics
evaluated.
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Doses e formas de inoculacao
com Azospirillum brasilense na cultura do milho

RESUMO

Microrganismos benéficos vem sendo amplamente aplicados na agricultura, por
possuirem baixo custo e possibilitarem a reducdo da utilizagdo de adubos e incrementos
na produtividade de grdos. Com o presente trabalho, objetivou-se determinar o efeito de
doses e formas de aplicacdo do inoculante Azospirillum brasilense na nutrigdo de planta
e na producio da cultura do milho. O experimento foi realizado em casa de vegetagio,
no municipio de Ilha Solteira, SP, em delineamento inteiramente ao acaso, com quatro
repetigdes e oito tratamentos: 1) Testemunha; 2) Semente 1x; 3) Semente 2x; 4) Solo 1x; 5)
Solo 2x; 6) Foliar 1x; 7) Foliar 2x; 8) Semente 1x + Foliar 1x, sendo, respectivamente dentro
de cada tratamento, o local e a dose de aplica¢do (1x, dose recomendada pelo fabricante;
2x, dobro da dose recomendada pelo fabricante). Nao foram verificadas diferengas para os
tratamentos avaliados, nas caracteristicas avaliadas, ja para as concentragdes de nutrientes
no tecido foliar, houve efeito somente para o Zn. Concluiu-se que, independente da presencga
de inocula¢io, da forma ou da dose de A. brasilense avaliada, no hibrido DKB 350, de modo
geral, ndo houve melhorias nas caracteristicas avaliadas e na nutri¢ao da cultura do milho.
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INTRODUCTION

Maize is one of the main grain crops in Brazil (CONAB,
2015). Its large importance leads to the study on new
technologies, aiming at increments in yield and possible
reductions in production costs.

Using A. brasilense is a very promising technology
associated with various positive factors to the crops, such as in
the induction of the production of phytohormones (Tien et al.,
1979; Bashan et al., 2004), possibility of reduction of nitrogen
fertilization (Hungria et al., 2010), root growth (Ferreira et
al., 2013), higher accumulation of nutrients (Baldani et al.,
1997) and increments in grain yield (Sala et al., 2007; Hungria
et al., 2010).

Seed treatment is the most common form of inoculation.
However, it is possible to obtain the same or better responses
when inoculation is performed in other ways, such as in the
leaves or in the sowing furrow (Martins et al., 2012; Berezoski
et al., 2013).

With advances in technology, more products have been
introduced in seed treatment, such as fungicides, insecticides,
micronutrients and biostimulants, making it important to
remove products from the treatment (without reduction in
efficiency). In addition, according to Dartora et al. (2013), the
use of chemical products in seed treatment may cause harmful
effects on the microbiota, reducing inoculation efficiency, as
also claimed by Pereira et al. (2010) and Costa et al. (2013).

Given the above, the different forms of A. brasilense
inoculation can interfere with the dose to be used and they
sometimes have the same efficiency as the traditional method
(through seeds). Therefore, this study aimed to evaluate the best
form and dose of A. brasilense inoculation in the maize crop,
by measuring the response in its agronomic characteristics
and nutrition.

MATERIAL AND METHODS

The experiment was carried out in a greenhouse from July
11 to September 15, 2014, in the municipality of Ilha Solteira-
SP, Brazil, geographically located between the parallels 22° 25’
5" S and 51°20' 30" W.

The experiment was conducted using pots with capacity
for 5 kg filled with substrate of clayey Red Latosol (Santos et
al., 2013). Initially, the substrate was sampled and chemical
and physical analyses were carried out, according to the
methodology proposed by Raij et al. (2001), obtaining the
following results: pH (CaCl,) = 5.5; OM = 26 g dm*; P (resin)
=30 mg dm? S = 4 mg dm”; K = 4.1 mmol_dm?; Ca = 32
mmolC dm? Mg =17 mmolC dm?3; Al=0 mmolC dm?3; H+Al
=29 mmol dm™ B =0.16 mgdm”; Cu=7.1 mgdm; Fe =28
mg dm?; Mn = 126.8 mg dm™; Zn = 1.3 mg dm™.

The experiment was set in completely randomized design
with four replicates and eight treatments, evaluating forms
and doses of A. brasilense inoculation: 1) Control (without
inoculation); 2) Seed 1x; 3) Seed 2x; 4) Soil 1x; 5) Soil 2x;
6) Leaf 1x; 7) Leaf 2x; 8) Seed 1x + Leaf 1x, respectively
representing the site and dose of application, in each treatment.
The doses used followed the manufacturer’s recommendations
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(Ix = 100 mL ha' of the commercial product) and double
the recommended dose (2x = 200 mL ha! of the commercial
product), for application through the seed, using the same
proportion in the applications through leaves and soil.

Treatments were applied using an inoculant that contained
the strains AbV, and AbV , with guarantee of at least 2 x 10°
viable cells mL™. For treatments through the seeds, inoculation
was performed immediately before sowing. For applications
on the leaves and in the soil, the product was diluted in water
and a mixture volume equivalent to 140 L ha' was applied.
Inoculation in the soil was performed at sowing (in the
sowing furrow) using an automatic micropipette, whereas
the inoculation in the leaves was performed using a CO,-
pressurized backpack sprayer, with a full cone jet nozzle and
constant pressure of 2.0 kgf cm™

Three seeds of the triple hybrid maize DKB 350 were sown
in each pot and thinning was performed immediately after
seedling emergence, leaving only one plant per pot until the
end of the experiment [61 days after emergence (DAS), when
all plants were at the reproductive stage, R1]. As maize plants
were sown, the pots were fertilized with 8.3 g of the 06-12-
08 formulation (equivalent to 500 kg ha') and, as the plant
reached the V5 stage, top-dressing fertilization was applied
using 1.3 g of N pot! (equivalent to 80 kg N ha'). Along the
entire experimental period, weeds were manually removed.

At 61 DAE, the following variables were evaluated: plant
height, ear insertion height, stem diameter, root volume, leaf
area, and dry matter of roots, stem, leaves, tassel; shoots and total.

Plant height and ear insertion height were measured using
a tape measure. Stem diameter was measured with a caliper in
the middle of the second internode (from the base).

To evaluate the roots, they were initially separated from
the soil using running water at low pressure. Root volume
was determined using a 250-mL graduated cylinder filled with
water up to 150 mL; after roots were immersed, the relative
increase of volume was measured, considering 150 mL as the
zero. Thus, the final volume after immersion was exclusively
related to root volume.

For leaf area analysis, a 7.2-cm?-diameter puncher was used
to randomly collect five leaf samples, which were then dried
in a forced-air oven (65 °C for 72 h) along with the rest of the
leaves, to obtain the total leaf dry matter. The weight and area
of the sampled parts and the total leaf dry matter were used to
estimate, by proportion, the total leaf area per plant.

In the analysis of dry weight of the vegetative parts, the
materials were separately collected and dried in a forced-air
oven (65 °C for 72 h). Then, the dried samples were weighed
and the data were converted to g per plant.

For the analysis of nutrient contents in the leaf tissues,
samples were collected in middle third of the leaf attached to
the bottom of the ear. After dried and ground, the samples were
analyzed for N, P, K, Ca, Mg, S, Cu, Fe, Mn and Zn, using the
methodology described by Malavolta et al. (1997).

The initial data were subjected to Kolmogorov-Smirnov test
(p > 0.05), to evaluate sample normality. Then, the data were
subjected to analysis of variance (p < 0.05; p < 0.01) using the
statistical program SISVAR (Ferreira, 2011). If significant effect
was found by F test, means were compared by Scott-Knott test.
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RESULTS AND DISCUSSION

For the agronomic components (plant height - PH, ear
insertion height - EIH, stem diameter — SD, root volume -
RV, leaf area — LA, root dry matter - RDM, shoot dry matter
- StDM, leaf dry matter — LDM, tassel dry matter — TsDM,
shoot dry matter — ShDM and total dry matter - TDM) of
maize cultivated in a greenhouse, no significant response (p
> 0.05) was found in any of the variables analyzed (Table 1).

The absence of response found in the present study agrees
with the data of Bartchechen et al. (2010), Domingues Neto
et al. (2013) and Pandolfo et al. (2015), evaluating the effect
of A. brasilense inoculation on the production components
and yield of maize. Likewise, lack of response to A. brasilense
inoculation has been found for other crops, such as beans (Gitti
et al., 2012a), rice (Gitti et al., 2012b) and wheat (Galindo et
al., 2015a, b).

For the forms and doses of A. brasilense inoculation (leaves,
soil or seeds) in the maize crop, absence of response has also
been reported in the literature, for example by Martins et al.
(2012), evaluating inoculation through leaves or seeds, and
Berezoski et al. (2013), evaluating inoculation through furrow,
leaves and seeds. These authors did not find significant effect
for the form of inoculation, just like Domingues Neto et al.
(2013), in second-crop green corn, who did not observe effect
for the doses of A. brasilense inoculation.

Lack of effect for foliar inoculation has also been found
by Galindo et al. (2015b), who studied the wheat crop and
found absence of response to foliar inoculation in the analyzed
variables (plant height, ear length, spikelets per ear, number
of empty grains, 100-grain weight, hectoliter weight, ears per
meter and grain yield). The authors also conclude that there
was no response to foliar inoculation, regardless of inoculation
period.

The literature diverges regarding the actual effectiveness
of the use of A. brasilense, and there are studies with positive
responses to the use of inoculation or without significant
responses, as in the present study. These divergences of
response may be associated with the different conditions
of cultivation, as mentioned by Novakowiski et al. (2011).
Nonetheless, another factor that may contribute to the different
responses to inoculation is the hybrid used, because some
hybrids are more responsive to inoculation than others.

This effect is better explained by Revolti (2014) and
Pereira et al. (2015), who studied the influence of genotypes

on A. brasilense inoculation and concluded that the response
to inoculation varies according to the genotypes used, i.e.,
hybrids influence the response to inoculation. For Barbaro et al.
(2008), it is still necessary to select strains adapted to the local
edaphoclimatic conditions, and crops and their cultivars used
in each region. Thus, it is believed that the absence of response
here may have occurred because the hybrid (DKB 350) does
not make symbiosis efficiently with A. brasilense, or the strains
used (AbV, and AbV ) are not effective for the studied region.
Nevertheless, the response to A. brasilense inoculation is
expected to be better noted as cultivars and strains are selected
to culminate in better interspecific symbiosis, for the specific
edaphoclimatic conditions.

For the nutrients in the leaf tissue (Table 2), there was no
difference in the contents of N, P, K, Ca, Mg, Cu, Fe and Mn.
Significant effect (p < 0.05) was found only for Zn contents in
maize leaf tissue, which were higher in the treatments Seed 1x;
Leaf 1x; and Seed + Leaf, compared with the Control; Seed 2x;
Soil 1x; Soil 2x; Leaf 2x.

In general, few effects were observed on the contents
of nutrients in the leaf tissues, including leaf N content,
which was expected to increase because some studies have
highlighted that the use of A. brasilense, despite not replacing
N fertilization, can influence the partial reduction of the
fertilization, as observed by Araujo et al. (2014). Gitti et al.
(2012b) found that, in the absence of N supply as top-dressing,
seed inoculation with A. brasilense led to better N nutrition.
However, for Pereira et al. (2015), the effect of inoculation on
N content must be carefully analyzed, because the response to
inoculation is intrinsic to each genotype used and cannot be
used as a general rule.

For the other nutrients (P, K, Ca, Mg, S, Cu, Fe, Mn and
Zn), initially, increments in the contents in the leaf tissue
could be expected, since Tien et al. (1979), in a pioneer study
on A. brasilense inoculation, reported that inoculation led to
substantial growth in the root system, and all lateral roots were
densely covered by root hairs. Also, according to the authors,
all the benefits resulting from inoculation come from the
induction of the production of the phytohormone Indoleacetic
Acid (IAA). However, in the present work, no significant effect
was found on both root volume and root dry matter (Table
1) or on the leaf contents of P, K, Ca, Mg, S, Cu, Fe and Mn;
however, significant effect was found only on leaf Zn content.

The effect on leaf Zn content may be related to that found
by Tien et al. (1979). According to Kirkby & Romheld (2007),

Table 1. Means of plant height (PH), ear insertion height (EIH), stem diameter (SD), root volume (RV), leaf area (LA)
and root (RDM), stem (StDM), leaf (LDM), tassel (TsDM), shoot (ShDM) and total dry matters (TDM) in the maize crop
cultivated in greenhouse, as influenced by doses and forms of A. brasilense inoculation

PH EIH SD RV LA RDM StDM LDM TsDM ShDM TDM
Uz LTS cm mm mL plant'  cm? plant’ g plant’

Control 184.8™ 96.5 17.1m 38.5m 623.3™ 107  282m™ 191" 3.1 504" 612
Seed 1x 168.7 87.7 17.8 25.3 594.3 6.3 18.5 18.0 1.1 37.6 43.9
Seed 2x 192.0 99.3 17.5 37.3 648.1 12.2 38.7 21.0 3.1 62.8 75.0
Soil 1x 177.3 91.0 17.3 39.5 605.6 1.1 21.2 17.4 2.1 40.8 51.9
Soil 2x 177.3 91.0 17.4 32.5 657.8 9.6 24.4 18.1 24 44.8 54.5
Leaf 1x 189.0 95.8 16.6 41.5 664.6 13.2 25.7 19.1 2.6 47.5 60.6
Leaf 2x 183.8 107.5 17.5 50.5 723.3 11.6 37.3 19.3 1.6 58.2 69.8
Seed + Leaf 190.8 102.2 16.4 31.0 647.3 7.7 35.0 18.1 2.2 55.3 63.0
C.V. (%) 13.0 14.9 7.7 34.8 15.5 51.7 48.4 17.6 49.8 34.2 34.0

" Not significant (p > 0.05)
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Table 2. Contents of nutrients (N, P, K, Ca, Mg, S, Cu, Fe Mn and Zn) in the leaf tissue of maize cultivated in greenhouse
as influenced by forms and doses of A. brasilense inoculation

N P K Ca Mg S Cu* Fe Mn Zn
Treatments 2 -
g kg™ mg kg
Control 24.3™ 22" 22.0™ 3. 4 2.1 16" 30.5™ 98.7 " 47.3™ 28.7b"
Seed 1x 28.3 1.8 26.0 2.8 1.8 2.0 18.0 116.7 46.0 32.0a
Seed 2x 21.1 1.7 21.0 2.3 1.3 1.7 39.8 80.7 38.0 27.3b
Soil 1x 25.4 24 23.0 2.6 1.9 1.9 26.5 106.0 36.7 27.3b
Soil 2x 21.0 1.6 21.0 2.3 1.3 2.0 17.3 114.0 30.0 27.0b
Leaf 1x 24.6 2.0 22.0 3.1 1.8 1.9 29.5 90.7 55.0 30.7a
Leaf 2x 22.4 1.9 21.0 2.5 1. 1.6 29.5 103.3 32.0 25.3b
Seed + Leaf 26.6 2.2 21.0 29 1.7 2.1 17.0 112.7 39.3 31.3a
C.V. (%) 15.6 22.0 11.2 19.4 26.1 16.2 30.9 21.6 31.5 9.2

" Not significant (p > 0.05); " Means followed by the same letter do not differ by Scott-Knott test (p < 0.05); # Data corrected, exclusively for the analysis, following the equation (x + 0.5)°°

the IAA metabolism is closely related to Zn because IAA
production requires Zn to produce tryptophan, which is a
precursor of [AA. In other words, when Zn deficiency occurs,
IAA is not synthesized. The reason for this increment in Zn
contents is well known, but this effect may be correlated
with the induction of IAA production by the A. brasilense
inoculation, leading to greater need for Zn by the crop.

Absence of effect of A. brasilense foliar inoculation on plant
nutrition has also been found by Galindo et al. (2015a) in the
wheat crop. For maize, unlike the present study, Hungria et al.
(2010) observed significant effect of A. brasilense inoculation on
N, P, K, Zn, Fe Cu and B contents in the leaves and on P, K, Mg,
S, Zn, Mn, Fe, Cu and B contents in grain tissues. Nevertheless,
it is important to point out that the edaphoclimatic conditions
in the study of Galindo et al. (2015a) are close to those in the
present study, differing from those in the study of Hungria et
al. (2010), whose experiments were carried out in the southern
region of the country (Londrina and Ponta Grossa).

For the variables discussed above and the data found in
the literature, it is clear the existence of influences external
to the inoculation that are still not understood. However, it
is noticeable that the response to inoculation depends on the
symbiotic relationship between the strain and the genotype
used. Consequently, it is relevant to design improvement
programs of hybrids aimed at developing genotypes more
responsive to inoculation because current research studies look
for yield increment, which may be associated with the use of
A. brasilense, coupled to the selection of hybrids. Likewise, it
is notorious the need for selecting strains for the more specific
edaphoclimatic conditions.

CONCLUSION

The forms of application (seed, soil, leaves or seed + leaves)
and the doses (recommended dose or double the recommended
dose) of Azospirillum brasilense inoculant (AbV_ and AbV)
in the maize crop (hybrid DKB 350) did not influence the
evaluated characteristics and contents of nutrients in the leaf
tissue, except Zn content.
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