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INTRODUCTION

The high cost of chemical fertilizers and 
concerns about more sustainable and less polluting 
agriculture have led to increasing interest in the use 
of inoculants containing bacteria that promote plant 
growth and enhance crop yield (Hungria et al. 2010).

Plant growth promoting bacteria are beneficial 
bacteria found in the rhizosphere, though they can 
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also be found colonizing roots and internal tissues.  
The capacity of these bacteria to fix nitrogen allows 
them to promote plant growth (Hungria et al. 2010) 
by producing phytohormones such as indole-acetic 
acid, cytokinins, gibberellins and ethylene  (Moreira 
et al. 2010). Within this group, the genus Azospirillum 
stands out. These bacteria improve conditions for 
development of root system as they synthesize 
phytohormones, allowing absorption of more water and 
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The misuse of fertilizers has become a growing 
concern in terms of agricultural and environmental 
sustainability. One alternative to reduce the impact of 
chemical fertilizers is the use of inoculants containing 
nitrogen-fixing and plant growth promoting bacteria. This 
study aimed at evaluating the effects of an inoculant with 
Azospirillum brasilense on the growth and yield of second-
harvest maize. The experimental design was randomized 
blocks with three replications, in a 3 × 5 factorial scheme. The 
treatments consisted of three inoculation methods (control 
without inoculation, seed inoculation and leaf-sprayed 
inoculation at the V4 stage) and five cover N-fertilization 
doses (0 %, 25 %, 50 %, 75 % and 100 %, with the 100 % 
dose corresponding to 50 kg ha-1 of N as urea). Inoculated 
plants showed a greater growth for height (9.5 % and 16 %), 
stem dry biomass (49 % and 6.75 %) and root dry biomass 
(123 % and 97 %), respectively for seed inoculation and 
spraying, as well as increases in ear size (8 %), chlorophyll 
content (4 %), 1,000-grain weight (12 %) and grain yield 
(29 %), when compared to non-inoculated plants. The effects 
of N doses were only significant for 1,000-grain weight and 
grain yield (kg ha-1), with seed inoculation providing a higher 
yield for second-harvest maize.

KEY-WORDS: Zea mays; nitrogen-fixing bacteria; nitrogen 
fertilization.

Eficiência de inoculante com Azospirillum brasilense no 
crescimento e produtividade de milho de segunda safra

O uso inadequado de fertilizantes tem sido uma preocupação 
crescente, em relação à sustentabilidade agrícola e ambiental. Uma 
das alternativas para reduzir o impacto de fertilizantes químicos 
é o uso de inoculantes contendo bactérias fixadoras de nitrogênio 
e promotoras de crescimento vegetal. Objetivou-se avaliar os 
efeitos de um inoculante à base de Azospirillum brasilense sobre as 
características de crescimento e produtividade do milho de segunda 
safra. O delineamento experimental foi em blocos casualizados, com 
três repetições, em esquema fatorial 3 × 5. Os tratamentos incluíram 
três níveis de inoculação (controle sem inoculante, inoculação na 
semente e aplicação foliar do inoculante no estágio V4) e cinco 
doses de adubação nitrogenada em cobertura (0 %, 25 %, 50 %, 
75 % e 100 %, sendo a dose de 100 % correspondente a 50 kg ha-1 

de N na forma de ureia). Os tratamentos que receberam inoculante 
apresentaram maior crescimento em altura (9,5 % e 16 %), biomassa 
seca do colmo (49 % e 6,75 %) e biomassa seca da raiz (123 % e 
97 %), respectivamente para inoculante na semente e pulverizado, 
bem como incremento no tamanho da espiga (8 %), teor de clorofila 
(4 %), massa de 1.000 grãos (12 %) e produção de grãos (29 %), em 
comparação às plantas não inoculadas. Os efeitos das doses de N 
foram significativos apenas para massa de 1.000 grãos e produtividade 
de grãos (kg ha-1), verificando-se que a inoculação na semente 
proporcionou maior produtividade no milho de segunda safra.

PALAVRAS-CHAVE: Zea mays; bactérias fixadoras de 
nitrogênio; adubação nitrogenada.
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nutrients, as well as providing more tolerance against 
drought and salinity stresses (Bashan et al. 2004). 

However, the results of the interaction between 
these bacteria and maize, in terms of agronomic 
potential, N fixation and growth promotion, depend 
on many biotic and environmental factors, including 
plant genotype, the microbiological community 
in the soil and nitrogen availability (Roesch et 
al. 2006). According to Hungria et al. (2010), it 
is estimated that the use of inoculants containing 
selected strains of Azospirillum brasilense may save 
approximately US$ 2 billion in chemical fertilizers, 
allowing reduction in transport costs, and leading to 
a reduction in pollution resulting from the production 
and use of N-fertilizers.

Therefore, this study aimed at evaluating the 
effects of seed inoculation and leaf-spraying with 
Azospirillum brasilense inoculants in combination 
with increasing doses of N-fertilizer (urea) on the 
growth and yield of second-harvest maize. 

MATERIAL AND METHODS

The experiment was performed in Quirinópolis 
(18º26’52’’S, 50º27’07’’W), in the southern 
mesoregion of the Goiás State, Brazil. The region 
is located in a hot, tropical sub-humid zone, which 
has two distinct seasons and experiences significant 
annual variations in humidity, temperature and 
rainfall. It is categorized as hot and humid (AW), with 
rainy summers and dry winters. The mean year-round 
temperature is 21 ºC (Santos et al. 2010).

A complete randomized blocks design with 
three replications, in a 3 × 5 factorial scheme, was 
used to evaluate the factors A. brasilense inoculation 
and nitrogen concentration. 

Three inoculation levels were tested: control 
without inoculation, seed inoculation and leaf-
sprayed inoculation at stage V4. Each inoculation 
level was tested with five different cover doses of 
chemical N (urea) (0 %, 25 %, 50 %, 75 % and 100 %, 
with the 100 % dose corresponding to 50 kg ha-1 N 
applied at stage V6). 

According to Embrapa (2013), the soil in 
the experimental area is classified as a Distroferric 
Red  Latosol (Oxisol) and is composed of 560 g kg-1 
of clay, 75 g kg-1 of silt and 365 g kg-1 of sand. 
The chemical characteristics of the 0-20 cm soil 
layer prior to planting were: pH in water = 5.1; 
Ca = 1.90 cmolc dm-3; Mg  = 0.88  cmolc dm-3;  
Al = 0.06 cmolc dm-3; Al + H  = 4.8 cmolc dm-3; 
CTC = 7.84 cmolc dm-3; K  = 102 mg dm-3;  P = 
4.9 mg dm-3; Cu = 3.70 mg dm-3;  Zn = 2.0  mg dm-3;  
Fe = 81.0  mg dm-3; and M.O. = 16.5 g dm-3. 
Throughout the experiment, the mean monthly 
rainfall was monitored on a daily basis (Figure 1).

The simple maize hybrid 30S31 (Pioneer) was 
sown on February 17th, 2014, using a mechanical seeder. 
The area was prepared by eliminating invasive plants 
through the application of 1,458 g ha-1 of glyphosate. 
For planting, 227 kg ha-1 of the formulation 10-15-15 
(N-P2O5-K2O) were applied. The experimental plots 
consisted of 12 lines 12 m long, with 0.50 m between 
lines. Thirty-six seeds were sown per line in an 
attempt to establish a population of 60,000 plants ha-1. 
The inoculant used was Azototal, which contains 
Azospirillum brasilense strains Ab-V5 and Ab-V6 at a 
concentration of 2 × 108 x cells mL-1. The dosage used 
to inoculate seeds was 100 mL per 25 kg of seeds, as 
per the manufacturer’s technical recommendation. 
The leaf-inoculant spray was comprised of 5 doses 
(500 mL) of the inoculant diluted in 50 L ha-1 of water.

Figure 1. Mean rainfall observed from January through June 2014 (Quirinópolis, Goiás State, Brazil).
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Height (cm) and stem diameter (mm) data 
were collected at 30 (March 17th, 2014) and 
60 (April 17th, 2014) days after sowing using a 
measuring tape and a digital caliper. During the 
same period, the chlorophyll content (SPAD units) 
of the upper third leaf was estimated using a digital 
chlorophyll meter (SPAD-502, Minolta, Osaka, 
Japan). Data were collected from five plants along 
four central lines in a 20 m² working area within 
each plot.

Dried biomass from the roots and shoots of 
the plants were collected from the working area 
(20 m²) at 90 days after sowing. To determine dry 
biomass, maize plants were cut off close to the 
soil. The vegetative material was then chopped, 
subsampled and dried in a laboratory oven with 
forced air circulation at 65 ºC, until a constant mass 
was obtained. When the harvest date was reached, at 
135 days after sowing (June 28th, 2014), three cobs 
along a meter in the four central lines were randomly 
sampled in each plot to determine the length and 
1,000-grain weight, as well as yield. Mean cob length 
(cm) was determined using a ruler to measure from 
the cob base to its tip.

Yield was obtained using a mechanical strip, 
and grain weight was derived from the ears collected 
from the useful plot areas. The weight was converted 
to kg ha-1 and corrected to 13 % of humidity. The 
dataset was subjected to an analysis of variance 
using the Biostat 5.3 software (Ayres et al. 2007) 
and the means were compared using the Tukey test 
at 5 %. When significant difference was found in the 
N dosage interaction with inoculations, a regression 
analysis was carried out. 

RESULTS AND DISCUSSION

Plant heights (cm) at 30 and 60 days after 
sowing are shown in Table 1. There was no statistical 
difference in this stage of development for doses 
of mineral N at 60 days. However, significant 
effect was observed with N rates at 30 days for the 
treatment with leaf-spray inoculant from the dose 
of 50 % N. Significant effect was observed with 
respect to inoculation with Azospirillum brasilense. 
On average, there was a 10 % increase in the height 
of seed inoculated plants, if compared to other 
treatments at 60 days after sowing. This result 
surpassed that found by Kappes et al. (2013), who 
observed a 5.84 % increase in the mean height of 
inoculated maize plants, when compared to the non-
inoculated control. 

Studies have shown that Azospirillum 
stimulates the growth and yield of several plant 
species, many of which have great agronomic and 
ecological relevance (Hungria et al. 2010, Ramos et 
al. 2010, Kappes et al. 2013).

Cavallet et al. (2000) and Ramos et al. (2010) 
confirmed that nitrogen treated plants grew taller 
when seeds were inoculated with Azospirillum spp., 
if compared to the control. However, conflicting 
results are also found in the literature. For example, 
Dartora et al. (2013) and Lana et al. (2012) could 
not verify responses in height for plants inoculated 
with Azospirillum and fertilized with N. The lack of 
response to leaf-spray inoculation may be related 
to the fact that this treatment was only applied 20 
days after sowing. At this point, plants may not have 
enough time to express the effect of the inoculation.

Means followed by the same uppercase letter in the column and lower case letter in the line do not significantly differ from each other by the Tukey test at 5 %. Inoculations 
were applied in combination with cover doses of mineral N at the V6 stage, where 100 % equals 50 kg ha-1 as urea.

Table 1. Plant height measured at 30 and 60 days after sowing in a non-inoculated control maize plant and maize plants inoculated 
with Azospirillum brasilense strains Ab-V5 and Ab-V6 via seeds or leaf-spray inoculation at the V4 stage (Quirinópolis, 
Goiás State, Brazil, 2014).

Inoculation
Height (m)

N doses
0 % 25 % 50 % 75 % 100 %

                       30 days after sowing
   Seeds 0.69 Aa 0.74 Aa 0.75 Aa 0.79 Aa 0.79 Aa
   Leaf-spray 0.62 Bb 0.66 Ba 0.70 Ba 0.68 Ba 0.68 Ba
   Control 0.63 Bb 0.62 Bb 0.65 Ba 0.68 Ba 0.68 Ba

                      60 days after sowing 
   Seeds 2.60 Aa 2.58 Aa 2.61 Aa 2.66 Aa 2.69 Aa
   Leaf-spray 2.49 Ba 2.45 Ba 2.45 Ba 2.46 Ba 2.46 Ba
   Control 2.45 Ba 2.41 Aa 2.46 Ba 2.49 Ba 2.42 Ba
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Regarding the shoot dry biomass, increases 
of 49 % and 6.75 % were respectively observed in 
the dry matter of the seed and leaf-spray inoculation, 
when compared to the control treatment (Table 2). 
The same behavior was observed for the dry biomass 
of the root systems, with increases of 123 % and 
97 %, respectively. The Tukey test did not reveal a 
significant effect (5 %) of N dosage on the production 
of mass in the form of shoot and root dry matter. 

Barassi et al. (2008) observed increases in 
chlorophyll content, proline content in the shoots 
and roots, water content in the apoplast, as well as 
an improvement in hydraulic potential, elasticity of 
cell walls, biomass production and plant heights. An 
increase in the dry biomass of both the shoots and 
roots of the plant caused by Azospirilum was also 
found by Dalla Santa et al. (2004) and Domingues 
Neto et al. (2013). This later study recorded an 
18-33 % increase in the fresh mass of the shoot 
and root portions of the plant. When inoculation is 

associated with mineral nitrogen supply, an 80 % 
higher yield in total dry matter (stem + leaves) can 
be produced, when compared to plants treated only 
with nitrogen fertilization (Ramos et al. 2010).

It is possible to observe a greater abundance 
and longer root lengths in the treatments inoculated 
with strains of Azospirillum brasiliense (Figure 2). 
Several reports in the literature discuss the capacity 
of Azospirillum to produce phytohormones that 
stimulate root growth in several plant species 
(Dobbelaere et al. 2001, Bashan et al. 2004, Corrêa 
et al. 2008, Hungria et al. 2010, Braccini et al. 2012). 
For example, according to Moreira et al. (2010), 
A. brasilense produces the components responsible 
for stimulating the growth of roots, including indole-
acetic acid (AIA), gibberellins and cytokinins. A more 
efficient root development provides many benefits, 
such as better nutrition and a higher tolerance to 
drought stress (Corrêa et al. 2008).

The results for stem diameter growth at 30 and 
60 days after sowing are presented in Table 3. After 
30 days, the seed-inoculated treatment had a higher 
stem diameter (on average 8 %), when compared with 
other treatments. However, no statistically significant 
difference was observed after 60 days. 

Dartora et al. (2013) found that Azospirilum 
had a significant effect on the basal diameter of 
maize plants in the vegetative (V8) and reproductive 
(R3) stages. On the other hand, Dotto et al. (2010) 
did not verify this trend when evaluating the effects 
of Herbaspirillum seropedicae inoculations and N 
levels on the behavior of maize hybrids. The initial 
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Means followed by the same letter in the line do not differ significantly from each 
other by the Tukey test at 5 %. Inoculations were applied in combination with 
cover doses of mineral N at the V6 stage, where 100 % equals 50 kg ha-1 as urea.

Trait Seeds Leaf-spray Control
Shoot biomass (g) 1,604.69 a 1,148.31 b 1,075.62 b
Root biomass (g)    103.28 a      91.46 b      46.29 c

Table 2. Dry shoot and root biomass measured at 135 days after 
sowing for non-inoculated control and maize plants 
inoculated with Azospirillum brasilense strains Ab-
V5 and Ab-V6 via seeds or leaf-spray at the V4 stage 
(Quirinópolis, Goiás State, Brazil, 2014).

Figure 2. Root system development in the maize hybrid 30S31 (Pioneer): a) Azospirillum inoculated in the seed; b) leaf-spray 
inoculation at the V4 stage; c) control without an inoculant (Quirinópolis, Goiás State, Brazil, 2014).

(a) (b) (c)
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increase in the stem diameter of plants subjected to 
inoculation may be associated with the production 
of phytohormones (Moreira et al. 2010). Kappes et 
al. (2013) also observed an increase in mean stem 
diameter in response to the increase in N fertilization 
via leaf coverage; however, no effect of the inoculant 
was verified at 60 days after sowing.

No significant difference was observed in 
chlorophyll content among treatments, at 30 days 
after sowing (Table 4). However, the seed-inoculated 
treatment showed a higher chlorophyll content, 
if compared with the other treatments at 60 days 
after sowing, beginning with a 75 % N dosage 
(37.5 kg ha-1). Leaf chlorophyll content is used to 
predict the nutritional level of N in plants, and the 
content of this pigment is positively correlated with 
N content (Piekielek et al.1995). Kappes et al. (2013) 
also verified this effect, which was pronounced 

when cover doses of 90 kg ha-1 of N were applied. 
The authors argued that the chlorophyll content 
responded to the increase in N because this nutrient 
participates directly in the biosynthesis of proteins 
and chlorophyll.

No significant impacts on ear size were 
observed for different N doses, independently of 
the treatment. However, there were significant 
differences among control and inoculation treatments 
(Table 4). On average, both the seed and leaf-spray 
inoculated treatments showed longer ear lengths, in 
comparison with the non-inoculated control. Kappes 
et al. (2013) also observed that the ear length was 
longer for plants grown from seeds inoculated with 
A. brasilense. Cavallet et al. (2000) found a 6 % 
increase in ear length for plants that received seed 
inoculation with Azospirillum spp. In agreement with 
the present study, Ohland et al. (2005) and Kappes et 

Means followed by the same uppercase letter in the column and lower case letter in the line do not differ significantly from one another using the Tukey test at 5 %. 
Inoculations were applied in combination with cover doses of mineral N.

Table 4. Mean chlorophyll content and ear size measured at 60 days after sowing in a non-inoculated control maize plant and 
maize plants inoculated with Azospirillum brasilense strains Ab-V5 and Ab-V6 via seeds or leaf-spray at the V4  stage 
(Quirinópolis, Goiás State, Brazil, 2014).

Means followed by the same uppercase letter in the column and lower case letter in the line do not differ significantly from one another by the Tukey test at 5 %. 
Inoculations were applied in combination with cover doses of mineral N at the V6 stage, where 100 % equals 50 kg ha-1 as urea.

Table 3. Mean stem diameters measured at 30 and 60 days after sowing in a non-inoculated control maize plant and maize plants 
inoculated with Azospirillum brasilense strains Ab-V5 and Ab-V6 via seeds or leaf-spray at the V4 stage (Quirinópolis, 
Goiás State, Brazil, 2014).

Inoculation
Stem diameter (cm)

N doses
0 % 25 % 50 % 75 % 100 %

  30 days
   Seeds 25.60 Aa  25.26 Aa 25.40 Aa 25.93 Aa 26.55 Aa
   Leaf-spray 24.33 Ba 22.77 Ca 23.88 Ba 24.22 Ba 24.77 Ba
   Control 23.45 Ba 23.02 Ba 24.34 Aa 24.02 Ba 23.10 Ba

                                    60 days
   Seeds 27.33 Aa 27.88 Aa 28.88 Aa 28.00 Aa 28.66 Aa
   Leaf-spray 25.26 Aa 25.33 Aa 25.26 Aa 26.40 Aa 27.53 Aa
   Control 25.46 Aa 25.60 Aa 26.00 Aa 26.13 Aa 27.13 Aa

Inoculation N doses
0 % 25 % 50 % 75 % 100 %

Chlorophyll content (SPAD units) after 60 days
   Seeds 56.96 Ab 59.06 Aa 60.25 Aa 60.76 Aa 60.07 Aa
   Leaf-spray 55.46 Ab 60.06 Aa 59.75 Aa 59.45 Ba 57.74 Ba
   Control 55.33 Ab 58.65 Aa 57.68 Aa 57.94 Ba 57.74 Ba

Ear size (cm) at 135 days
   Seeds 18.06 Aa 17.80 Aa 17.33 Aa 17.66 Aa 17.73 Aa
   Leaf-spray 18.01 Aa 17.83 Aa 17.33 Aa 17.66 Aa 17.50 Aa
   Control 15.46 Ba 16.00 Ba 15.80 Ba 16.73 Ba 16.06 Ba
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al. (2013) verified that the application of N via foliage 
did not influence average ear length.

Nitrogen fertilization had a statistically 
significant effect (5 %) on the 1,000-grain weight 
(g) and grain yield (kg ha-1). The regression analyses 
generated a linear fit for both traits, with different 
functions depending on the inoculation treatment 
(Figures 3a and 3b).

The highest yield was associated with the 
highest doses of nitrogen. Amaral Filho et al. (2005) 
verified that the increase in the N dose applied 
promoted an increase in foliar N content, number of 
grains per ear, 1,000-grain weight, yield and protein 

content of the grain. The highest grain yields were 
obtained with increasing N doses. 

The inoculation of seeds with Azospirillum 
prior to sowing resulted in increased mass. Even with 
0 % N fertilization, the seed-inoculated treatment 
had a higher mass than that of the treatment that 
was not inoculated. Hungria et al. (2010) verified 
a 26 % increase in grain yield for maize inoculated 
with Azospirilum, when compared to the control 
treatment. Oliveira & Caires (2003) also found a 
linear increase in the 1,000-grain weight as a function 
of the increase in the N dosage, which resulted in 
superior grain yield.

A 36 % increase in yield (kg ha-1) was verified 
when comparing the seed-inoculated treatment to the 
control with a 0 % N dosage, and a 17 % increase 
for the 100 % N dose (50 kg ha-1). There was an 
increase of 22 % in the yield of the leaf-spray at the 
V4 treatment when the N dosage was 0 %, and an 
increase of 2.6 % when the N dosage was 100 % 
(50 kg ha-1), in comparison with the control treatment. 

Kappes et al. (2013) verified that the maize 
inoculated with Azospirilum showed a 9.4 % increase 
in yield when compared to the control treatment. 
Cavallet et al. (2000) observed an increase of 30 % 
when the seeds were inoculated and cover N had been 
applied. Martins et al. (2012) recorded a 7,490 kg ha-1 
yield for the control and 10,612 kg ha-1 for inoculated 
plants, a 29 % statistically significant increase from 
the non-inoculated plant. Cavallet et al. (2000) found 
that seeds inoculated with Azospirillum exhibited a 
17 % increase in yield. Novakowiski et al. (2011) 
observed similar results. Lana et al. (2012) found 
a 15 % increase in the first harvest and 7 % in the 
second. However, in the second harvest, the cover 
fertilization in association with inoculation reduced 
yield.

The regression analyses indicate a growing 
response to treatments with increasing doses of 
N for weight of 1,000 seeds. For grain yield, a 
diminished response of inoculation was observed 
in relation to the control treated with increasing N 
doses. However, it still presents a significant yield 
increase (Figure 3). Furthermore, for every kg of 
N-fertilizer, there was an 8.5 g and 7.0 g increase 
in the 1,000-grain weight for the seed-inoculated 
treatments and leaf-sprayed inoculations at the V4 
stage from the non-inoculated control, respectively. 
As for the grain yield, the addition of 1.0 kg of 
N-fertilizer caused gains of 9.13 kg ha-1, 20.98 kg ha-1 

Figure 3. Regression analysis of the characteristics 1,000-grain 
weight (a) and grain yield (b)  in response to different 
doses of N-fertilizer after sowing in a non-inoculated 
control maize plant and maize plants inoculated with 
Azospirillum brasilense strains Ab-V5 and Ab-V6 
via seeds or sprayed leaf-inoculation at the V4  stage 
(Quirinópolis, Goiás State, Brazil, 2014). Inoculations 
were applied in combination with cover doses of 
mineral N.
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and 23.37 kg ha-1, respectively for the seed-inoculated 
treatments, leaf-spray inoculation applied at the V4 
stage and non-inoculated control.

The mean yields found in this research, where 
maize was inoculated with Azospirilum, are higher 
than the means for the Goiás State, which produced 
6,448 kg ha-1 in the first harvest and 6,579 kg ha-1 
in the second harvest of 2014/2015 (Conab 2015). 
This indicates its efficiency in increasing crop yield. 
However, the control treatment showed similar yield 
to the State means.

 
CONCLUSIONS

1. Azospirilum inoculation increases maize height 
and stem diameter, chlorophyll content and dry 
biomass weight for the shoot and root system, as 
well as 1,000-grain weight, ear length and grain 
yield, when the maize is inoculated via seed or leaf. 

2. The effects of N fertilization are only visible in 
relation to 1,000-grain weight and grain yield 
(kg ha-1), and seed inoculations provide a higher 
yield in second-harvest maize. 
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