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Abstract. Nitrogen fertilization in pastures is considered one of the primary limiting factors that significantly enhance forage
biomass production. Traditional chemical fertilizers used in crop cultivation are derived from petrochemical and mining
industries. These production chains have undergone continuous and consistent structural changes year after year,
affecting the prices of these inputs for farmers, consequently escalating production costs and even rendering investment
in livestock farming unfeasible. For this reason, research becomes crucial to evaluate alternative techniques that can
complement or fulfill the nitrogen demand in forage crops. The bacterium Azospirillum brasilense has emerged as a viable
alternative to reduce costs in pasture establishment and maintenance, serving as a nitrogen source when compared to
traditional sources. The objective of this study was to assess the effect of Azospirillum brasilense inoculation on the growth
and production of Panicum maximum cv. Mombagca. The experimental design employed was a randomized complete block
design with four treatments and four replications. Each plot consisted of three plants, resulting in a total of 48 experimental
units. The treatments comprised: T1 - natural soil (NS), T2 - Azospirillum brasilense (BAC.), T3 - nitrogen topdressing (N),
T4 - Azospirillum brasilense and nitrogen topdressing (BAC+N). Evaluations were conducted at 60 and 90 days after
sowing (DAS), assessing the following variables: plant height (PH), number of leaves (NL), number of tillers (NT),
aboveground green biomass (AGGB), aboveground dry biomass (ADBB), root fresh biomass (RFB), and root dry biomass
(RDB). Significant effects (P<0.05) were observed for inoculation and nitrogen topdressing on the assessed traits: plant
height, number of leaves, number of tillers, aboveground green biomass, aboveground dry biomass, root fresh biomass,
and root dry biomass. Notably, nitrogen topdressing either solely or in combination with seed inoculation of the forage
yielded positive outcomes for all studied variables at both 60 and 90 DAS. A favorable impact on the development of
Mombaca grass was evident across all parameters studied in samples receiving nitrogen topdressing and Azospirillum
spp. inoculation.
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Introduction productivity in the agricultural sector. However, in
Mombacga Grass (Panicum maximum) is a  conditions of low soil fertility, its yield tends to
staple tropical forage renowned for its high dwindle, attributing to the species' heightened
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demands for soil fertility. When cultivated under
optimal practices, Mombaga grass can yield
approximately 33 t/ha of annual dry matter,
accompanied by a satisfactory chemical composition.
Thus, the consideration of investments in fertilizers
becomes paramount, particularly in scenarios of
intensified livestock production (EMBRAPA, 2014).

Crucial for pasture growth and development,
nitrogen can be sourced through mineral fertilizers or
the biological process of atmospheric nitrogen (N2)
fixation (TAIZ; ZEIGER, 2009). As the consumption
and costs of synthetic chemical fertilizers continue to
rise, the quest for alternative nutrient sources that are
ecologically sustainable and cost-effective becomes
increasingly pertinent (SCHLINDWEIN et al., 2008).

In this context, nitrogen-fixing bacteria
emerge as a promising ally, offering an alternative
approach to conventional fertilization. These bacteria
confer numerous benefits to plants and boast a more
economical profile when compared to conventional
fertilizers, all while preserving the environment
(SCHLINDWEIN et al., 2008). The biological nitrogen
fixation process is orchestrated by a consortium of
diazotrophic bacteria, which absorb atmospheric
nitrogen (N2) and convert it into ammonium (NH4)
through a symbiotic relationship. A classic illustration
of this association exists between grasses and
bacteria of the genus Azospirillum spp.

Going beyond nitrogen fixation, Azospirillum
spp. bacteria establish themselves in the tissues of
select grass species without inducing any harm.
These bacteria act as growth promoters, producing
hormones like auxins and gibberellins, which
expedite extensive plant development, particularly in
root systems. Furthermore, they enhance assimilate
translocation and water absorption, contributing to
robust growth (PEOPLES et al., 1995).

These advantages have garnered attention
through a plethora of studies involving Azospirillum
brasilense. Notably, when these bacteria are
harnessed as inoculants across various crops like
wheat, oats, sugarcane, brachiaria grasses, and
maize, they consistently exhibit a capacity to induce
significant variations in growth parameters. These
encompass the spectrum from biomass accumulation
and tissue nitrogen content to plant height, leaf area,
tillering,
root length, and even root volume (DALLA SANTA et
al., 2008; MONTAGNER et al., 2014; CHAVES et al.,
2015; SALANTUR et al., 2006).

Given the above premises, the core objective
of this study is to scrutinize the effects of utilizing
Azospirillum brasilense bacteria, inoculated via
seeds, on the developmental trajectory and overall
production of Mombaca grass.

Materials and methods

The research was conducted in the
experimental area of the State University of Mato
Grosso, located in the municipality of Caceres/MT, at
latitude 16°04'33"S and longitude 57°39'10"W. The
region is characterized by two well-defined seasons
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(dry in winter and wet in summer), with an average
annual temperature of 25°C, which can sometimes
reach up to 40°C, and an average precipitation of
1,396 mm per year. The period from January to
March corresponds to the wettest season, while the
period between September and October has the
highest solar radiation and the lowest precipitation
rate (SILVA et al., 2008).

The seeds were obtained from a reputable
company, and the planting was carried out in an open
environment. Plastic buckets of 5 liters (21.2 x 20.7
cm) and subsoil soil were used for planting.

The experimental design used was a
randomized complete block design with four
treatments and four replications. Each plot consisted
of three plants, totaling 48 experimental units. The
treatments consisted of: T1 - natural soil (SN), T2 -
Azospirillum brasilense (BAC.), T3 - nitrogen
fertilization as a topdressing (N), T4 - Azospirillum
brasilense and nitrogen fertilization as a topdressing
(BAC+N).

The soil used to fill the pots was classified as
dystrophic red-yellow latosol (SANTOS et al., 2013).
The soil was sieved and subjected to chemical and
physical analysis, and the necessary base
fertilizations were carried out following the guidelines
of (DONAGEMA et al., 2011). The soil exhibited the
following attributes: 5.23 mg dm-3 of P; 120.60 mg
dm-3 of K; 6.26 cmolc dm-3 of Ca2+; 3.38 cmolc dm-
3 of Mg2+; 0 cmolc dm-3 of Al3+; 23.98 g kg-1 of
organic matter; SB: 9.95 cmolc dm-3; CTC: 12.7
cmolc dm-3; pH in water of 6.4; Sand content of 568.8
g kg-1; Silt content of 174.5 g kg-1; and Clay content
of 256.7 g kg-1.

The pasture cultivar used was Mombaca
(Panicum maximum), which was directly sown into
the soil. After 30 days after sowing (DAS), thinning
was carried out, leaving only three plants per bucket.

The quantity of Azospirilum brasilense
inoculated into the seeds was calculated according to
the manufacturer's recommendation (100 ml of the
liquid product AZOTROP per 50 kg of seeds), and
nitrogen topdressing was applied following the
recommendation of Costa et al. (2006). The
topdressing fertilization was performed at 30 days
after sowing (DAS).

The evaluations were conducted at 60 and 90
DAS, with the following variables being assessed:
plant height, number of leaves, dry and fresh weight
of both aboveground and root parts. For these
assessments, a graduated ruler, digital caliper, direct
leaf inspection, and analytical balance were utilized.

To determine the dry weight of both the
aboveground and root parts, the material was cut and

subjected to drying in an air-circulating oven
at 60°C for 72 hours (GUIMARAES, 2011).

The mean values obtained for each
evaluated parameter underwent analysis of variance
and were compared using the Scott Knot test at a 5%
probability level through the AgroEstat software
(BARBOSA & MALDONADO, 2015).
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Results and discussions

From the results obtained in the analysis of
variance, significant effects (P<0.05) were observed
for both inoculation and nitrogen topdressing
concerning the evaluated characteristics: plant height
(PH), number of leaves (NL), number of tillers (NT),
aboveground fresh weight (AFW), aboveground dry
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weight (ADW), root fresh weight (RFW), and root dry
weight (RDW). It is evident that nitrogen topdressing,
whether applied alone or in combination with seed
inoculation, yielded positive outcomes for all variables
examined at 60 and 90 days after sowing (Table 1
and 2).

Table 1. Summary of analysis of variance for the variables: plant height (PH), number of leaves (NL), number of tillers
(NT), aboveground fresh weight (AFW), aboveground dry weight (ADW), at 60 days after sowing, in relation to the use of
Azospirillum brasilense bacteria inoculated via seeds in the development and production of Mombaca grass.

Treatments PH NL NT AFW ADW
(cm) (n°) (n°) (9) (9)

Natural Soil 81,27b 8,79 ¢c 291c 3,57b 1,16 b

Bacteria 85,51 b 18,94 bc 7,02b 13,27 a 3,90 a

Urea 95,56 a 31,33 a 12,16 a 18,02 a 6,02 a

Bacteria + Urea 89,53 ab 22,43 ab 9,33 b 13,04 a 4,13 a

Means followed by different letters vertically differ significantly from each other according to the Scott Knot test at a 5%
probability level.

Table 2. Summary of variance analysis for the variables: plant height (PH), number of leaves (NL), number of tillers (NT),
aboveground fresh weight (AFW), aboveground dry weight (ADW), fresh root weight (FRW), dry root weight (DRW), at 90
days after sowing, in relation to the use of Azospirillum brasilense bacteria inoculated via seeds in the development and

production of Mombaca grass.

Treatments PH NL NT AFW ADW FRW DRW
(cm) (n°) (n°) (9) (9) (9) (9)

Natural Soil 69,8 ¢ 16,5b 490c 6,34 ¢ 154¢ 27,0b 5,13 b

Bacteria 69,3 ¢ 15,9 b 5,83 b 7,38 ¢ 1,73¢ 29,2 b 4,94 b

Urea 89,6 a 279 a 7.80a 26,6 a 7,07 a 535a 11,2 a

Bacteria + Urea 77.2b 225a 6,47 b 18,2 b 521b 59.1a 11,3a

Means followed by different letters vertically differ significantly from each other according to the Scott Knot test at a 5%

probability level.

In terms of plant height and number of leaves,
the treatments that stood out the most were those that
received only nitrogen topdressing and those that
were inoculated with Azospirillum brasilense via
seeds. However, when the inoculation treatments
were compared to the absolute control, it was
observed that Azospirillum brasilense led to a 10%
increase in the number of leaves and taller plant
height (Table 02 and 03).

Considering the maximum number of tillers
found (Table 02 and 03), the treatment that stood out
was the one that received nitrogen topdressing.
However, the treatment that solely had the bacteria
inoculated, when compared to the control, exhibited
superior development.

This indicates that irrespective of inoculation,
nitrogen has the ability to stimulate the growth points
of the forage, allowing for greater tillering. Under
vegetative conditions, forage grasses display a high
rate of leaf appearance, resulting in a dense tiller
population. Each leaf insertion possesses a bud that,
based on available conditions, can transform into a
tiller (ALEXANDRINO et al., 2010).

According to Nabinger (1996), nitrogen
scarcity available to plants increases the number of
dormant buds, negatively impacting tillering in forage
plants. Conversely, adequate nitrogen supply allows
for maximal tiller production.

However, it is noteworthy that this grass,
without nitrogen application but with diazotrophic
bacterial inoculation, produced more tillers than the
control (without N application and without inoculation)
(Table 02 and 03). These results suggest that
inoculation is a sustainable alternative for increasing
tillering and forage production under conditions of low
nitrogen availability.

Studies conducted by Oliveira et al., (2007)
working with grasses yielded positive results in
treatments without nitrogen application but with
diazotrophic bacterial inoculation, displaying higher
forage production than the control (without N
application and without inoculation). This is
emphasized by the authors as a sustainable
alternative for increasing forage production.

In the first and second cuts, treatments using
Azospirillum spp. demonstrated higher aboveground
fresh and dry weight production than the Control
(without N application and without inoculation) (Table
02 and 03).

This highlights the efficiency of biological
fixation carried out by these bacteria and their
nitrogen supply to plants. Similar results to this study
were obtained by Oliveira (2019) and Caleffi (2021),
who observed the contribution of Azospirillum
brasilense in terms of nitrogen supply in ryegrass and
irrigated rice development, respectively. According to
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Matos (2019), Azospirillum brasilense has the
capacity to fix up to 30 kg N ha-1 when used in a
single application.

However, the treatment that only received
nitrogen topdressing also showed positive results
compared to all treatments that received Azospirillum
brasilense inoculation.

The lower total fresh and dry weight
production in the absence of Azospirillum brasilense
and urea use (T1) can be attributed to lower tillering
in this treatment compared to the other treatments.
According to Alexandrino et al., (2005), the dry weight
production of stems and sheaths presentin tillers is a
relevant component for forage production, as stems
and sheaths are storage organs of organic
substances in grasses, which can interfere with the
regrowth capacity of grasses.

The best results in terms of fresh and dry root
weight were obtained in treatments that received urea
topdressing (T3; T4). However, the combination of
the bacteria with urea resulted in better outcomes,
demonstrating the efficacy of bacteria inoculation in
seeds, as well as topdressing (Table 03).

In addition to the biological nitrogen fixation,
Azospirillum bacteria contribute to the expansion of
the root surface area of plants, resulting in a greater
amount of explored substrate. According to Reis
Junior et al., (2004), these bacteria can produce
phytohormones, growth-promoting and regulating
substances such as auxins, cytokinins, and
gibberellins, which go beyond mere rootlet increase
and lead to larger diameters of Ilateral and
adventitious roots. This phenomenon was observed
in this study.

These assertions are corroborated by the
findings of this study, as treatments with isolated
bacteria demonstrated a greater increase in root
mass, surpassing the absolute control (Table 03).

Conclusion

In summary, the results obtained in this study
emphasize that inoculation with Azospirillum
brasilense, either alone or in conjunction with nitrogen
fertilization, emerges as a highly effective approach
to enhance the growth and production of Mombaca
grass. The ability of this bacterium to fix nitrogen and
its beneficiais influence on root expansion emerge as
cruciais factors contributing to these positive effects.
However, it is essential to acknowledge the
complexity of the system and the interconnection
among various factors for a comprehensive and
complete understanding of the results.
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