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INTRODUCTION

Rice (Oryza sativa) originated in Asia and 
is one of the most widely produced cereals in the 
world, responsible for feeding ~50% of the world’s 
population (KUMAR & LADHA, 2011). Brazil is 
one of the leading rice producers, with production 
representing ~1.6% of the world total, ranking 9th, 
only behind Asian countries (SILVA, 2014). As per 
data from Conab (2019), the total rice area of the 
2018/2019 harvest was 1716.9 thousand hectares, of 

which 78.6% (1350 thousand hectares) corresponded 
to irrigated rice, and the remaining 21.4% (366.9 
thousand hectares) corresponded to the cultivation of 
upland rice.

ARANTES (2013) reported that upland 
rice, commonly known as dryland rice, is grown 
using only water from rainfall, and is the reality for 
small farmers in poor regions of the world such as 
Asia, Africa and Latin America. This is not only 
because of a lack of resources for irrigated planting 
but also because of the high demand for rice. 
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ABSTRACT: The purpose of this study was to evaluate the contribution of the inoculation of the strain Azospirillum MAY12 to the development 
of rice plants of the cultivar BRS Esmeralda. A completely randomized experiment was performed in a greenhouse, with 8 treatments and 6 
repetitions, namely, commercial inoculant (CI) containing strains of Azospirillum brasilense ABV5 and ABV6 (T1), MAY12 (T2), nitrogen control 
with 50 mg of N or full dose (T3), CI + 30% of N (percentage referring to full dose) (T4), CI + 60% N (T5), MAY12 + 30% N (T6), MAY12 + 60% 
N (T7) and absolute control (T8). There was a significant increase in the fresh and dry mass of the shoot and roots, height, root volume, and the 
number of tillers and leaves of plants with the MAY12 inoculation (with and without N added) compared to T8. Treatments containing MAY12 + 
N increased the total dry mass by ~920% compared to T8, matching the T3 yield. The inoculation of MAY12 in isolation was as efficient as the 
application of the full dose of N, resulting in an increase of ~115% in height and 373% in root volume of the plants compared to T8. The MAY12 
strain demonstrated good performance in the development of the cultivar, which was comparable to the CI in the variables tested. Therefore, 
inoculation with the MAY12 strain is promising for the partial reduction of nitrogen fertilizers in upland rice cultivation.
Key words: Oryza sativa L., diazotrophic bacteria, plant growth-promoting bacteria.

RESUMO: O objetivo deste trabalho foi avaliar a contribuição da inoculação da estirpe de Azospirillum MAY12 no desenvolvimento de 
plantas de arroz da cultivar BRS Esmeralda. Foi realizado um experimento inteiramente casualizado em casa de vegetação, tendo oito 
tratamentos e seis repetições: inoculante comercial (IC) contendo as estirpes de Azospirillum brasilense AbV5 e AbV6 (T1), MAY12 (T2), 
testemunha nitrogenada com 50 mg de N ou dose cheia (T3), IC + 30% de N (percentual referente à dose cheia) (T4), IC + 60% de N (T5), 
MAY12 + 30% de N (T6), MAY12 + 60% de N (T7) e testemunha absoluta (T8). Houve aumento significativo da massa fresca e seca da parte 
aérea e de raízes, altura, volume de raízes e do número de perfilhos e de folhas das plantas com a inoculação de MAY12 (com e sem adição de 
N) em relação a T8. Os tratamentos contendo MAY12 + N aumentaram em torno de 920% a massa seca total em relação a T8, equiparando-se 
ao rendimento T3. A inoculação de MAY12, isoladamente, foi tão eficiente quanto a aplicação da dose cheia de N para o aumento em torno de 
115% da altura e de 373% do volume de raízes das plantas em relação a T8. A estirpe MAY12 apresentou bom desempenho no desenvolvimento 
da cultivar equiparando-se com o IC nas variáveis testadas. Portanto, a inoculação com a estirpe MAY12 mostra-se promissora para a 
redução parcial de fertilizantes nitrogenados no cultivo de arroz de terras altas.
Palavras-chave: Oryza sativa L., bactérias diazotróficas, bactérias promotoras de crescimento de plantas.
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Therefore, dryland rice, as one of the alternative 
forms of production, is used to meet this demand. 
Thus, technologies focused on this type of cultivation 
are extremely important. 

N deficiency is one of the primary limiting 
factors to the production of upland rice worldwide. 
Nitrogen deficiency in upland crops is related to the 
high cost of nitrogenated fertilizer. Other factors, 
such as leaching, volatilization, denitrification and 
erosion, result in low efficiency of nitrogen use in 
the crop (FAGERIA & BALIGAR, 2005; FAGERIA 
et al., 2010), as well as polluting the environment, 
contaminating water bodies and increasing greenhouse 
gas emissions. An alternative to the use of chemical 
inputs, to minimize the environmental impacts 
and mitigate the cost of agricultural production is 
the use of inoculants, i.e., products that contain 
microorganisms beneficial to plant development. 

Inoculants containing selected bacteria 
of the genus Azospirillum have been extensively 
marketed and their use has shown benefits in the 
growth, development and productivity of plants 
under controlled field conditions (CÁSSAN & 
DIAZ ZORITA, 2016). The benefits of Azospirillum-
containing inoculants for plants are primarily 
attributed to their ability to fix atmospheric nitrogen, 
increasing the contribution of N to the associated 
plant, and to synthesize phytohormones, in particular 
indole acetic acid (IAA), which promotes root growth 
and helps improve water and nutrient absorption 
(HUNGRIA et al., 2011; FUKAMI et al., 2018). Other 
characteristics already described for Azospirillum 
that benefit the plants are siderophore production, 
phosphate solubilization, and the induction of biotic 
and abiotic stress tolerance mechanisms in plants 
(BASHAN & DE BASHAN, 2010; FUKAMI et 
al., 2018). According to BASHAN & DE BASHAN 
(2010), multiple mechanisms of Azospirillum can act 
in sequential or accumulative patterns, promoting 
plant growth. Hence, certain strains of the genus are 
called plant growth-promoting bacteria (PGPB).

In Brazil, a combination of strains AbV5 
and AbV6 of Azospirillum brasilense is used to 
formulate eleven products primarily recommended 
for corn, wheat and rice crops (CÁSSAN & DIAZ 
ZORITA, 2016). Inoculation of AbV5 and AbV6 
strains resulted in increased yields of up to 26% in 
corn and 31% in wheat. This was correlated not only 
with the increase in N but also in other nutrients 
such as phosphorus and potassium (HUNGRIA 
et al., 2010). Increased root growth, taller plants 
and greener coloration were observed as effects of 
inoculation because of the increased chlorophyll 

content (HUNGRIA et al., 2010; HUNGRIA et 
al., 2011). More recently, inoculation of AbV5 and 
AbV6 reduced N fertilization rates in corn and wheat 
plants by 25% (FUKAMI et al., 2016). Thus, the 
results showed increases in crop yield and substantial 
reductions in the use of nitrogen fertilizer when 
Azospirillum was used as an inoculant. However, 
the responses to Azospirillum inoculation in field 
experiments are inconsistent because of factors such 
as edaphoclimatic conditions, interactions with soil 
biota, inoculation techniques, and crop management 
practices (REIS, 2007; CÁSSAN & DIAZ ZORITA, 
2016). It is essential to consider these factors and to 
select the most promising strains for the success of 
inoculation technology.

Promising growth-promoting characteristics, 
such as high IAA production in vitro, and the ability 
to fix atmospheric nitrogen (SOUZA et al., 2017) 
and to solubilize phosphate (unpublished data), led 
to the selection of the MAY12 strain of Azospirillum 
for use in greenhouse inoculation experiments. This 
strain demonstrated benefits on the development of 
three forage grasses (SOUZA et al., 2017) and corn 
(GALEANO et al., 2019), highlighting its potential 
as a plant growth-promoting bacteria (PGPB). In 
this context, this study evaluated the contribution 
of inoculation of the Azospirillum MAY12 strain in 
the development of rice plants of the cultivar BRS 
Esmeralda, in a greenhouse experiment.

MATERIALS   AND   METHODS

The experiment was conducted in a 
greenhouse at the Instituto de Ciências Agrágrias 
e Tecnologias of  the Federal University of 
Rondonópolis - UFR (16°27ʹ48ʺ South latitude, 
54°34ʹ45ʺ West longitude and 284 m altitude) 
from April to July 2018. The UFR is located in the 
municipality of Rondonópolis, MT, Brazil.

The experimental design was completely 
randomized with eight treatments and six replications: 
commercial inoculant (CI) containing Azospirillum 
brasilense strains AbV5 and AbV6 (T1), Azospirillum 
MAY12 strain (T2), nitrogen control with 50 mg dm−3 
N in the form of urea or full dose (T3), CI + 30% N 
(percentage referring to full) (T4), CI + 60% N (T5), 
MAY12 + 30% N (T6), MAY12 + 60% N (T7) and 
absolute control (T8). 

The soil used in the experiment was collected 
in a Cerrado area of the UFR at a depth of 0–20 cm and 
classified as dystrophic red oxisol (EMBRAPA, 2006). 
The chemical characteristics of the soil were: pH, 4.0 
in CaCl2; organic matter, 27.1 g dm−3; P, 1.4 mg dm−3; 
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K+, 23 mg dm−3; Ca2+, 0.4 mg dm−3; Mg2+, 0.2 cmolc 
dm−3; H, 5.4 cmolc dm−3; Al, 0.8 cmolc dm−3; V (base 
saturation), 9.7%; CEC (cation exchange capacity), 6.8 
cmolc dm−3 and SB (sum of bases), 0.7 cmolc dm−3.

Using the results of the analysis, the 
soil was submitted to liming to achieve 60% 
base saturation. Soil was placed in 5 kg plastic 
bags, mixed with the limestone, and then water 
was added to promote the reaction. The bags 
were sealed and incubated for 30 days. After 
the correction period, the soil was transferred to 
black plastic pots with 1 dm³ capacity, and then 
fertilized with phosphate (P2O5) and potassium 
(K2O) at 200 and 80 mg dm−3, respectively. 

The cultivar selected for planting was BRS 
Esmeralda, recommended for upland cultivation. It is 
characterized by high yield and grain quality, and is 
moderately resistant to most diseases and water stress 
(CASTRO et al., 2014).

Ten seeds of the cultivar BRS Esmeralda 
were sown per pot, placing each seed in an individual 
opening, 3 cm deep. After germination – which 
occurred 3 days after sowing – the plants were 
thinned to leave two plants per pot, and then the 
inoculation was applied. For this, the MAY12 strain 
isolated from the native grass of the Mato Grosso do 
Sul Pantanal, Hymenachne amplexicualis (SOUZA et 
al., 2017), was used. MAY12 belongs to the culture 
collection of the microbiology laboratory of the 
Pantanal Campus of the Federal University of Mato 
Grosso do Sul. It was preserved in an Eppendorf tube 
containing distilled water + glycerol in a ratio of 1:1. 
An aliquot of 500 microliters was removed and added 
to vials containing 100 mL of DYGS culture medium 
(RODRIGUES NETO et al., 1986). The vials were 
then placed on a stirring table with constant stirring 
at 100 revolutions per minute at 30 oC for 48 h. The 
commercial inoculant used was composed of the 
strains ABV5 and ABV6 of Azospirillum brasilense 
at a concentration of 1.0 × 109 CFU mL-1. Both the 
MAY12 strain and the commercial inoculant were 
applied near the root system of each plant, in a volume 
of 5 mL. Bacterial cell concentration was 1.0 × 109 
CFU mL-1, adjusted according to the methodology 
described by FERREIRA et al. (2003).

Nitrogen fertilization was applied 
following the recommendation of 50 mg dm−3 of N 
(GUIMARÃES et al., 2010), in the form of urea via 
solution, and for inoculated treatments the proportions 
of 0%, 30% and 60% were used in relation to the 
recommendation, according to the determined 
treatments. The nitrogen was applied when the plants 
reached 10 cm in height. 

For the experiment, 60% of the moisture 
retention capacity was maintained in each pot. The 
capacity of the pot was established following a 
method applied by BONFIM-SILVA et al. (2011). 
The pots were manually irrigated with distilled 
water, twice a day, using the gravimetric method, to 
reduce water stress to the plant as much as possible 
by maintaining the required moisture level. The 
environmental conditions of the greenhouse were as 
follows: average temperature of 30 °C, relative air 
humidity of 51%, and the greenhouse was enclosed 
with 0.15-mm-thick plastic.

The treatments were evaluated by the 
following parameters: Falker chlorophyll index, 
height, number of tillers, number of leaves, fresh 
and dry mass of the roots and shoot, total dry mass 
and root volume of the rice plants. The chlorophyll 
index was determined using a ChlorophyLog® 
Falker chlorophylometer. Two readings were taken 
per pot, one for each plant, in the middle of the last 
fully expanded leaf, establishing an average per pot. 
A total of five evaluations were performed: the first at 
30 days after the emergence (DAE) of the plants and 
the others at intervals of ~10 days apart. The height 
was measured from the base to the node of the flag 
leaf of the highest profile using a graduated ruler. The 
number of tillers was obtained by adding the number 
present in each plant per experimental unit. The height 
and number of tillers were determined at 36, 57 and 72 
days after sowing (DAS). At the end of the experiment 
(70 DAE), fresh root mass (g), fresh shoot mass (g), 
dry root mass (g), dry shoot mass (g) and total dry 
mass (g) and root volume were evaluated. For this, 
the roots and shoot of the plants were first separated. 
The roots were washed and air-dried, then both the 
roots and the shoot were weighed on an analytic scale 
to determine the fresh mass. After obtaining data for 
fresh mass, the roots and shoot were placed in paper 
bags and dried at 65 °C to constant mass. The materials 
were then weighed to determine the dry mass. The total 
dry mass was obtained by adding the results of the dry 
root and shoots mass. Root volume was determined by 
the increase in water volume in cm3 after immersion 
of samples in test tubes containing a known volume 
of water (300 mL). The data obtained were submitted 
to variance analysis and comparison of means by the 
Tukey test at 5% significance using SISVAR statistical 
software (FERREIRA, 2011).
 
RESULTS   AND   DISCUSSION

The Falker chlorophyll index (FCI) data 
are recorded in table 1, where the mean FCI per 
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treatment and its respective reading interval are 
shown. Nitrogen treatments (T3, T4, T5, T6 and 
T7) presented the highest mean chlorophyll content; 
however, in the fourth and fifth FCI readings, there 
was no significant difference between any of the 
nitrogen-containing treatments compared to the 
absolute control (Table 1). Treatments inoculated with 
the addition of nitrogen, either with the commercial 
inoculant or with MAY12, presented means that were 
statistically similar to that of the nitrogen control (T3) 
in four of the five readings because T3 only had the 
highest mean FCI (Table 1) in the third reading. In 
other words, in most of the FCI readings, the yields 
were the same as that of the full dose used in T3.

Generally, the chlorophyll content 
correlates positively with the N content of the 
leaves because N is a component of its molecule 
(CARVALHO et al., 2012). CABANGON et al. 
(2011) observed a good correlation between the N 
content and the reading of the chlorophyll content of 
rice leaves analyzed by the SPAD chlorophylometer, 
suggesting that the inoculation of Azospirillum in this 
study may have contributed to the contribution of N 
in the leaves and, as a consequence, to the greater 
accumulation of chlorophyll. 

There was no statistical difference between 
the mean FCIs of treatments containing only the 
commercial inoculant or MAY12 or in relation to 
the absolute control in all readings (Table 1). To 
summarize, these results confirmed that MAY12, under 
the conditions tested, can be used as an alternative 

source of inoculation as it can yield results similar 
to those of the commercial inoculant. Similar results 
were obtained in the research of JARDIM et al. (2018) 
in which the relative chlorophyll index variable did 
not differ statistically in treatments with commercial 
inoculant (with Azospirillum brasilense strains AbV5 
and AbV6) and non-inoculated treatment in irrigated 
rice cultivation of the 2015/2016 harvest in Capão 
do Leão, RS. However, the application of doses of 
60, 120 and 180 kg ha−1 of nitrogen to rice promoted 
increases of 2.8%, 3.4% and 10.3%, respectively, in 
the relative leaf chlorophyll index compared to the 
absolute control.

The production of fresh and dry mass of 
the roots and shoot was significantly stimulated (p < 
0.05) by the inoculation and application of different 
doses of N, alone or in combination because the mass 
values of the treatments were higher than that of the 
absolute control (Table 2). The nitrogen control had 
the highest mass values. However, for the most part, 
it did not statistically differ from the other treatments 
containing N doses (Table 2). Because the nitrogen 
control obtained the highest values of dry mass of 
the shoot and roots, the treatments that received the 
applications in different doses yielded mass values 
of ~86% and 74% of the total, respectively. This 
demonstrated that inoculation helped increase mass 
because nitrogen doses contained a maximum of 60% 
of the N applied in the nitrogen control (Table 2). It also 
showed that inoculation of plant growth-promoting 
bacteria (PGPB) is an alternative to decrease the use 

 

Table 1 - Falker chlorophyll index in rice plants, cultivar BRS Esmeralda, inoculated with the MAY12 strain and the commercial 
Azospirillum brasilense inoculant, applied alone or in combination with nitrogen fertilization (N). 

 

Treatments ----------------------------------------Falker Chlorophyll Index----------------------------------------- 

 30/05 11/06 20/06 29/06 05/07 
Commercial Inoculant (T1)  28.85 c 26.97 bc 28.88 b 27.05 ab 26.29 ab 
MAY12 (T2) 34.78 bc 31.49 b 28.23 b 26.34 b 24.45 b 
50mg N (T3) 45.89 a 44.46 ab 44.21 a 35.98 a 34.47 a 
Commercial Inoculant + 30% N (T4) 37.76 ab 36.45 ab 33.33 b 27.88 ab 30.20 ab 
Commercial Inoculant + 60% N (T5) 38.15 ab 36.06 ab 32.20 b 26.50 b 28.17 ab 
MAY12 + 30% N (T6) 41.68 ab 47.75 a 33.99 b 28.85 ab 27.60 ab 
MAY12 + 60% of N (T7)  40.64 ab 35.94 ab 33.05 b 27.85 ab 28.38 ab 
Absolute control (T8) 34.01 bc 19.52 c 30.78 b 28.55 ab 25.93 ab 
CV (%) 11.64 10.59 15.73 16.96 17.79 

 
Means followed by the same letter do not present significant statistical differences with each other through the Tukey test with a 
significance level of 5%. 
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of nitrogen fertilizers because its combined use with 
lower than recommended doses of N produce the 
same increase in biomass as the full dose.

Regarding the isolated inoculation 
treatments, there was no statistical difference 
between treatments with the commercial inoculant 
and the MAY12 strain. Treatment containing only the 
MAY12 strain resulted in an increase of 720% and 
510% in the production of dry mass of the shoot and 
roots, respectively, in relation to the absolute control 
(Table 2). These results showed that the use of the 
MAY12 strain was as effective as the commercial 
inoculant in the development of plant biomass. 

The total dry mass analyses confirmed the 
results obtained for the variables fresh and dry mass of 
shoot and roots in which the highest means were observed 
in treatments that received nitrogen fertilization (Table 2). 
Of the treatments that received nitrogen doses along 
with the inoculation, whether commercial or the MAY12 
strain, the commercial inoculant + 30% N was the one 
that obtained the lowest mean while the others did not 
differ from each other statistically or from the nitrogen 
control (Table 2). The mean values for the treatments 
that did not receive added N did not statistically differ, 
and were only higher than that of the absolute control 
- 604% higher in the treatment containing the strain 
MAY12 and 418% higher in the treatment containing 
the commercial inoculant (Table 2). 

The results of this experiment corroborated 
several studies in the literature in which the 

inoculation of PGPBs produced increases in the 
biomass and yield of rice cultivars. GUIMARÃES 
et al. (2003) concluded in their greenhouse study 
with the rice cultivar Guarani that the use of the 
inoculation of PGPBs promoted growth in factors 
such as grain production, dry matter and the amount 
of total N. Increases of 19% were observed in 
grain production because of inoculation with strain 
M130 (Burkholderia brasilensis) and up to 25% 
with Herbaspirillum seropedicae strains. KUSS et 
al. (2008) evaluated the development of rice in soil 
under growth chamber conditions and reported that 
inoculation with Azospirillum brasilense was able to 
increase the production of both fresh and dry mass of 
three irrigated rice cultivars. 

BARBOSA et al. (2016), evaluating the 
response of rice to different Azospirillum inoculation 
technologies under greenhouse conditions showed 
that the increase in biomass of the shoot in one of the 
cultivars used was significant, achieving an increase 
of 113%, i.e., more than doubling its mass. This result 
was obtained using an inoculation performed in the 
planting groove. However, the inoculation performed 
by treatment of seeds did not achieve such high 
values. The authors stated that inoculation in planting 
grooves is more effective than direct seed inoculation 
because inoculation via the planting grooves seems 
to help prevent the toxic effects of chemicals, such 
as pesticides used in seed treatments, on the bacteria. 
Thus, a similarity between the form of inoculation 

 

Table 2 - Means of fresh shoot mass (FSM) and fresh root mass (FRM), dry shoot mass (DSM) and dry root mass (DRM) and total dry 
mass (TDM) of rice plants, cultivar BRS Esmeralda, inoculated with strain MAY12 and commercial Azospirillum brasilense 
inoculant, applied alone or in combination with nitrogen fertilization (N). 

 

Treatments FSM (g) FRM (g) DSM (g) DRM (g) TDM (g) 

Commercial Inoculant (T1) 10.56 d 20.33 cd 2.51 c 2.56 c 5.08 d 
MAY12 (T2) 12.88 cd 31.03 bc 3.53 bc 3.36 bc 6.90 cd 
50mg N (T3) 22.61 a 50.73 a 5.93 a 5.83 a 11.76 a 
Commercial Inoculant + 30% N (T4) 16.33 bc 43.56 ab 4.51 ab 3.76 bc 8.28 bc 
Commercial Inoculant + 60% N (T5) 18.33 abc 43.71 ab 5.35 a 4.51 ab 9.86 ab 
MAY12 + 30% N (T6) 19.13 ab 42.13 ab 5.30 a 4.73 ab 10.03 ab 
MAY12 + 60% of N (T7) 19.11 ab 42.55 ab 5.58 a 4.31 ab 9.90 ab 
Absolute witness (T8) 2.11 e 6.95 d 0.43 d 0.55 d 0.98 e 
CV (%) 19.84 27.42 19.44 23.05 18.54 

 
Means followed by the same letter do not present significant statistical differences with each other through the Tukey test with a 
significance level of 5%. 
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employed by the authors and the inoculation 
performed in this study is recognized.

In their experiment of inoculation with 
PGPBs in rice culture, GUIMARÃES & BALDANI 
(2013) reported that the inoculation resulted in positive 
effects on IR42 and IAC4440 cultivars. There was an 
increase of ~16% of nitrogen in the dry shoot mass 
when compared to the cultivar without inoculation. 

Several factors can influence the 
success of inoculation, such as edaphoclimatic 
conditions, choice of strain and physiological 
stage of the inoculation, competitiveness with soil 
microbiota (REIS, 2007), inoculation techniques, 
and crop management practices (CÁSSAN & 
DIAZ ZORITA, 2016). An important factor for the 
success of Azospirillum inoculation is the selection 
of efficient strains (HUNGRIA et al., 2011) because 
Azospirillum strains differ in their physiology and 
growth-promoting properties such as the provision 
of nutrients to plants through BNF and phosphate 
solubilization and the production of phytohormones. 
The strain selected for this study was MAY12, which 
was able to fix atmospheric nitrogen, produce the 
auxin class phytohormone indole acetic acid (IAA) 
(SOUZA et al., 2017), and solubilize phosphate (data 
not yet published) in vitro. Among the 30 bacteria 
tested for IAA production in the work of SOUZA et 
al. (2017), MAY12 was the second largest producer 
of the hormone 1027.68 µM, producing 378% and 
625% more IAA than the strains Sp7 and Sp59 
of A. brasilense, respectively, used as the control. 
According to the authors, the soil environment of the 
Pantanal, which has low fertility under constant water 
stress (dry soil and flooded soil), may have favored 
the genetic adaptations of the strain that presents 
high IAA production capacity because MAY12 was 
isolated from the native grass of the Mato Grosso do 
Sul Pantanal, Hymenachne amplexicualis.

The primary function of IAA is to promote 
root growth during cell division and meristematic 
tissue differentiation, which depends on the hormone 
concentration (SOUZA et al., 2017). Thus, the greater 
development of grass roots, because of Azospirillum 
inoculation, increases the area of absorption of water 
and nutrients, consequently increasing biomass yield 
and tolerance to environmental stresses such as drought.

Inoculation with MAY12 in two forages, 
in the absence of nitrogen fertilization, resulted in 
increases for most of the variables tested. Mesosetum 
chaesea plants inoculated with MAY12 presented 
greater height and dry mass weight of the shoot and 
roots compared to the control and those inoculated 
with the Sp7 and Sp59 strains of A. brasilense. 

Inoculation of Axonopus purpusii with MAY12 
produced an increase in dry shoot mass (SOUZA et 
al., 2017). In the same study, the phylogenetic analysis 
of 16S and nifH genes were performed with isolated 
PGPBs, showing that MAY12 is closely related to the 
species A. brasilense, being considered promising for 
use in field inoculation experiments.

In the research of GALEANO et al. 
(2019) corn plants inoculated with MAY12 showed 
incremental dry mass and total proteins in relation 
to treatment without inoculation. Moreover, the 
highest concentration of total proteins was observed 
in plants inoculated with MAY12 (3628 µg mL−1) and 
commercial inoculant (3545 µg mL−1) (GALEANO 
et al., 2019). The inoculation of the MAY12 strain 
alone in the present study showed positive effects on 
the development of the BRS Esmeralda rice cultivar, 
producing mean total dry mass six times greater than 
that of the control treatment and two times that of the 
commercial inoculants; although, the mean did not 
differ statistically from that of the treatment with the 
commercial inoculant. Furthermore, fertilized and 
inoculated treatments (with MAY12 or commercial 
inoculant) presented significantly higher means 
(eight times) than the absolute control (Table 2). 
These results, together, reinforced the potential of the 
MAY12 strain for use in field inoculation experiments 
and the hypothesis that its use combined with 
nitrogen fertilization can supply in part the nutrient 
requirements of the plants.

There was a significant difference between 
treatments for the plant height variable (Table 3). 
In the three readings, treatments inoculated with 
MAY12 (with and without nitrogen fertilization) 
showed similar results to treatments that received 
nitrogen fertilizer and the commercial inoculant. 
The only statistical difference was between the 
absolute control and the other treatments. Treatments 
containing N, in general, presented a mean height 
~140% higher than that of the absolute control 
(Table 3). As regards to treatments inoculated without 
the addition of N, treatments inoculated with MAY12 
presented height values ~115% greater than that of 
the absolute control and statistically similar to the 
nitrogen control for all readings; however, the mean 
treatment with the commercial inoculant was not 
similar to the nitrogen control in the second reading 
(Table 3). This demonstrates that the inoculation of 
MAY12 alone was as efficient as the application of 
the recommended full dose of nitrogen fertilizer to 
increase plant height.

These data corroborate the study conducted 
by GUIMARÃES et al. (2015) in his research 
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on inoculation in wheat plants, where they used 
three strains of PGPBs (MTaZ8 from Azospirillum 
sp., MTh2 from Bacillus sp. and MTb3 from 
Burkholderia sp.), nitrogen control and commercial 
inoculant containing the strains ABV5 and ABV6 of 
A. brasilense. The mean heights of plants inoculated 
with the strains MTb3, MTaZ8, the commercial 
inoculant and nitrogen control were the greatest and 
were statistically similar. 

FERREIRA et al. (2014), in their research 
with six rice cultivars (BRS Bonança, BRS Aimoré, 
BRS Talento, BRSMG Curinga, Japonês and Bolinha) 
inoculated with six strains of PGPBs Burkholderia 
spp. (B7 and B16), Pseudomonas spp. (P18 and P21) 
and Rhizobium spp. (R65 and R82) and two mixtures 
containing one strain of each genus, reported a 
mean increase of 9.3% in height compared to non-
inoculated treatments. These results corroborate the 
results of this study in which the treatments that 
received inoculation showed better results than those 
of the absolute control. 

For the variable number of tillers, there was a 
significant difference between treatments that presented 
performance superior to the absolute control (Table 3). 
Nitrogen control was the treatment that obtained the 
best performance. However, from the statistical point of 
view, it did not differ from treatments that received a 
combination of inoculant and nitrogen doses. At 72 days 
after sowing, the treatment containing the MAY12 
strain demonstrated a recovery, with numbers 

statistically equal to the nitrogen control, indicating 
a positive interaction between the rice crop and the 
MAY12 strain (Table 3).

A similar result was observed by LEMOS 
et al. (2013) in their research on inoculation with A. 
brasilense, in combination with nitrogen fertilization 
in five wheat cultivars (CD 104, CD 108, CD 119, 
CD 120 and CD 150). They observed a significant 
effect on the number of tillers, and the treatment 
that received inoculation combined with nitrogen 
fertilization presented the highest mean.

The data obtained corroborate with the 
study by DUTRA et al. (2014) of red rice grown 
in sandy loam with two treatments: one without 
inoculant and another inoculated with the endophytic 
bacterium Gluconacetobacter diazotrophicus of the 
Embrapa Meio Norte 405 genotype. The authors 
reported a significant difference in the number of 
panicles per square meter with an increase of 66.1% 
for the inoculated treatment compared to treatment 
without inoculation.

In relation to the number of leaves, all 
treatments presented better statistical performance 
than the absolute control. The treatment that 
presented the highest mean was nitrogen control; 
however, from the statistical point of view it was 
equal only to the inoculated treatment with addition 
of N - MAY12 + 60% N (Table 3). Furthermore, the 
inoculation of the MAY12 strain alone showed good 
results for the development of the variable number 

 

Table 3 - Means of height (H), number of tillers (NT), number of leaves (NL) and root volume (RV) of rice plants, cultivar BRS 
Esmeralda, inoculated with strain MAY12 and the commercial Azospirillum brasilense inoculant, applied alone or in 
combination with nitrogen fertilization (N). 

 

Treatments -----------------H (cm)---------------- ---------------NT--------------- NL RV (cm3) 

 ----------Days after sowing---------- -------Days after sowing------   
 36 57 72 36 57 72   
Commercial Inoculant (T1) 15.29 a 15.91 b 17.74 b 2.75 c 2.58 c 2.58 b 15.8 c 21.5 bc 
MAY12 (T2) 15.29 a 17.33 ab 19.12 ab 3.66 bc 3.5 bc 3.41 ab 18.0 bc 35.5 ab 
50mg N (T3) 16.41 a 19.70 a 21.75 ab 5.0 a 4.83 a 4.50 a 31.3 a 51.5 a 
Commercial Inoculant + 30% N (T4) 15.54 a 18.91 ab 23.04 ab 4.16 ab 3.75 ab 3.75 ab 23.0 b 41.0 a 
Commercial Inoculant + 60% N (T5) 16.58 a 19.12 ab 20.70 ab 4.83 ab 3.91 ab 3.91 a 24.1 b 45.6 a 
MAY12 + 30% N (T6) 16.20 a 19.33 a 22.79 ab 4.91 ab 4.0 ab 4.08 a 24.0 b 45.5 a 
MAY12 + 60% of N (T7) 16.33 a 19.37 a 23.95 a 4.33 ab 4.0 ab 3.91 a 25.0 ab 40.0 ab 
Absolute Control (T8) 6.41 b 8.45 c 9.45 c 0.0 d 1.0 d 1.0 c 5.6 d 7.5 c 
CV (%) 9.55 10.03 16.21 18.8 17.7 19.66 18.1 3.05 

 
Means followed by the same letter do not present significant statistical differences with each other through the Tukey test with a 
significance level of 5%. 
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of leaves, obtaining averages similar to treatments 
inoculated with N addition (Table 3), showing that 
the interaction of the MAY12 strain is beneficial for 
the development of this parameter.

Similar results were obtained by 
GUIMARÃES et al. (2011a) in their study with 
Brachiaria decumbens, which showed that the 
treatment inoculated with Azospirillum sp. strain 
AZ18 caused a 10% increase in the number of leaves, 
compared to the absolute control and compared to the 
nitrogen control, which reached 83% of the maximum 
production observed. 

A positive correlation was observed 
between the MAY12 strain and the variable root mass. 
The treatment that obtained the highest mean was 
the nitrogen control; although, it did not statistically 
differ from inoculated treatments with the addition of 
N or the MAY12 treatment (Table 3). 

Inoculated treatments with the addition 
of N presented values up to six times higher than 
the absolute control, indicating that inoculation is 
beneficial for root development (Table 3). Moreover, 
it was observed that MAY12 alone increased root 
volume by 373% in relation to the absolute control. 
The density of upland rice roots showed a positive 
correlation with drought tolerance in the work of 
GUIMARÃES et al. (2011b), demonstrating the 
importance of root morphology in the tolerance of the 
plant to water deficiency. 

SOUZA et al. (2017) demonstrated that the 
inoculation of MAY12 in Mesosetum chasea grass 
plants produced an 88.3% increase in root volume 
compared to the control without inoculation. Similar 
results were observed in the study by MARQUES 
et al. (2021) in which corn plants inoculated with A. 
brasilense increased root volume by an average of 40 
and 47% under irrigation and water deficit conditions, 
respectively, when compared to control without 
inoculation. 

CONCLUSION

Inoculation of the rice cultivar BRS 
Esmeralda with the strain MAY12 of Azospirillum 
spp. demonstrated that it is beneficial to the plants 
in all the parameters analyzed. The MAY12 strain 
confirmed to be promising in the partial reduction of 
nitrogen fertilizers in the cultivation of upland rice.
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