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Highlights

Inoculation with A. brasilense does not always change wheat grain yield.

Post-emergence inoculation provided higher grain yield.

Post-emergence inoculation can replace nitrogen topdressing fertilization.

Abstract

Several studies have reported the beneficial effects of inoculation of Azospirillum brasilense in wheat, but 

only a few of them have related the co-inoculation of A. brasilense and Rhizobium sp. and the evaluation 

of different inoculation methods. This study aimed i) to verify the efficiency of plant growth-promoting 

bacteria (PGPB) in subtropical environments, ii) to verify the efficiency of co-inoculation of A. brasilense 

and Rhizobium sp., and iii) to verify the efficiency of the management of different inoculation methods in the 

wheat crop. The experiments were carried out in Londrina and Apucarana, State of Paraná, Brazil, under a 

complete randomized block design, with four replications and nine treatments: T1) absence of nitrogen (N) 

topdressing, T2) 30 kg ha−1 of N topdressing, T3) 60 kg ha−1 of N topdressing, T4) A. brasilense Ab-V5 in the 

seeds, T5) A. brasilense Ab-V5 in post-emergence, T6) A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 in the 

seeds, T7) A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 in post-emergence, T8) commercial inoculant (A. 

brasilense Ab-V5 + Ab-V6) in the seeds, and T9) commercial inoculant (A. brasilense Ab-V5 + Ab-V6) in post-

emergence. The number of ears per linear meter, number of spikelets, number of grains per spikelet, number 

of grains per ear, thousand-grain weight, number of spikelets to ears ratio, leaf nitrogen content, and grain 
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yield were evaluated. Leaf N content and yield components showed no alterations due to the inoculation 

and co-inoculation performed both in the seed and in the post-emergence of seedlings. Treatments T3, 

T7, and T9 showed the highest means of grain yield (2077.50, 1743.12, and 1660.62 kg ha−1, respectively), 

demonstrating that co-inoculation with A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 and inoculation 

with A. brasilense Ab-V5 + Ab-V6, both in post-emergence of seedlings, have the potential to replace the 

topdressing nitrogen fertilization in wheat.

Key words: Azospirillum brasilense. Nitrogen. Rhizobium sp. Triticum aestivum.

Resumo

Em trigo, embora diversos estudos já tenham sido relatados sobre os efeitos benéficos da inoculação 

de Azospirillum brasilense, são escassos na literatura trabalhos relacionados ao uso de coinoculação de 

A. brasilense e Rhizobium sp., bem como a avaliação de diferentes métodos de inoculação. Os objetivos 

do estudo foram: i) verificar a eficiência de bactérias promotoras do crescimento de plantas (BPCP) em 

ambientes subtropicais; ii) verificar a eficiência da coinoculação de A. brasilense e Rhizobium sp.; e iii) 

verificar a eficiência do manejo de diferentes métodos de inoculação na cultura do trigo. Os experimentos 

foram conduzidos nos municípios de Londrina e Apucarana, Paraná, sob o delineamento experimental de 

blocos completos ao acaso, com quatro repetições e nove tratamentos: T1) ausência de nitrogênio (N) em 

cobertura; T2) 30 kg ha-1 de N em cobertura; T3) 60 kg ha-1 de N em cobertura; T4) A. brasilense Ab-V5 nas 

sementes; T5) A. brasilense Ab-V5 em pós-emergência; T6) A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 nas 

sementes; T7) A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 em pós-emergência; T8) Inoculante comercial 

(A. brasilense Ab-V5 + Ab-V6) nas sementes; e T9) Inoculante comercial (A. brasilense Ab-V5 + Ab-V6) em 

pós-emergência. Foram avaliadas as seguintes características: número de espigas por metro linear, número 

de espiguetas, número de grãos por espigueta, número de grãos por espiga, massa de mil grãos, relação 

número de espiguetas e espigas, teor de nitrogênio nas folhas e produtividade de grãos. O teor de N foliar 

e os componentes do rendimento não foram alterados pela inoculação e coinoculação realizada tanto na 

semente quanto em pós-emergência das plântulas. Os tratamentos T3, T7 e T9 apresentaram as maiores 

médias de produtividade de grãos (2077,50; 1743,12 e 1660,62 kg ha-1, respectivamente), demonstrando 

que a coinoculação com A. brasilense Ab-V5 + Rhizobium sp. 53GRM1, bem como a inoculação com A. 

brasilense Ab-V5 + Ab-V6, ambos em pós-emergência das plântulas, apresentam potencial para substituir 

a adubação nitrogenada de cobertura na cultura do trigo.

Palavras-chave: Azospirillum brasilense. Nitrogênio. Rhizobium sp. Triticum aestivum.

Introduction

Wheat (Triticum aestivum) is one 
of the most important cereals for human 
consumption worldwide and locally. Brazil 
has a deficit of approximately 60% between 
production and consumption (Companhia 
Nacional de Abastecimento [CONAB], 

2020), making it dependent on imports from 
countries such as Argentina, Canada, and the 
United States. Among the main obstacles to 
the development of wheat cultivation in Brazil 
are the lack of public policies, adverse climate 
conditions, high production costs, and low 
profitability (Galindo et al., 2018). Chemical 
fertilizers, especially nitrogen fertilizers, 
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represent a high cost in production, reaching 
up to 30% of the total costs (CONAB, 2020). 
In addition, the indiscriminate use of nitrogen 
fertilizers has caused serious environmental 
problems, including water eutrophication, 
soil acidification, and air pollution (Chen et al., 
2018).

Nitrogen (N) is considered the most 
absorbed and exported nutrient by the wheat 
plant, which is why its deficiency constitutes 
a limiting factor and directly influences the 
number of tillers, number of ears, spikelet 
development, grain weight, and, consequently, 
grain yield (Vaghar & Ehsanzadeh, 2018; Ul-
Allah et al., 2018). According to Ladha et al. 
(2016), the two main strategies to reduce the 
dependence on nitrogen fertilizers in wheat 
cultivation is by increasing its use efficiency 
by plants and the use of diazotrophic bacteria. 
These bacteria can supply nitrogen to plants 
through non-symbiotic nitrogen fixation. Also, 
these microorganisms can favor nutrient 
uptake by plants, acting as biofertilizers, phyto-
stimulators, and mitigators of abiotic and biotic 
stresses (Lugtenberg & Kamilova, 2009; Pii et 
al., 2015; Zeffa et al., 2018).

The genus Azospirillum spp. has been 
widely studied in the wheat crop (Piccinin et 
al., 2013; Fukami, Nogueira, Araujo, & Hungria, 
2016; Di Salvo, Ferrando, Fernández-Scavino, 
& Salamone, 2018; Galindo et al., 2020), and it 
is the constituent of commercial biofertilizers. 
Veresoglou and Menexes (2010) found that 
inoculation with Azospirillum spp. in wheat 
crop increased grain yield by 8.9% in a 
meta-analysis study based on 59 scientific 
articles. However, an increase of 14% in yield 
was observed when considering only the 
experiments with no topdressing nitrogen 
fertilization. In Brazil, inoculants containing 
the elite strains of Azospirillum brasilense 

(Ab-V5 and Ab-V6) have been exponentially 
employed by farmers in recent years, mainly in 
corn, wheat, sugarcane, and brachiaria crops, 
in addition to being used as co-inoculants 
in soybean and bean (Hungria, Araujo, Silva, 
Barbosa, & Zilli, 2017; Zeffa et al., 2019, 2020).

Several studies have shown the 
benefits of co-inoculation of bacteria of the 
genera Azospirillum and Rhizobium in the 
wheat crop (Kavimandan, 1985; Galal, El-
Ghandour, & El-Akel, 2001; Yanni et al., 2016). 
In general, bacteria of the genus Rhizobium 
are used as inoculants in legume crops, as 
there is a symbiotic association between 
the plant and the bacterium, leading to the 
formation of nodules in the roots (Ohyama, 
2017). The benefits of Rhizobium for legume 
plants are mainly due to the N supply through 
the biological N2 fixation (BNF) process 
(Hoang, Tóth, & Stacey, 2020). Bacteria of the 
genus Rhizobium can be associated with the 
rhizosphere of wheat plants, characterizing 
external colonization and promoting benefits 
through the production and release of auxins, 
gibberellins, siderophores, phosphorus 
solubilization, and biocontrol of several root 
diseases (Patil, Kale, Ajane, Sheikh, & Patil, 
2017).

Standard inoculation with A. brasilense 
in wheat, recommended by most manufacturers, 
is performed by mixing the inoculant with the 
seeds in pre-sowing. However, seed treatment 
with fungicides can provide toxicity to non-
target microorganisms and influence the 
efficiency of Azospirillum spp. and other plant 
growth-promoting bacteria (PGPB) (Yang, 
Hamel, Vujanovic, & Gan, 2011). Thus, post-
emergence inoculation can be considered a 
viable alternative to circumvent this problem 
(Fukami et al., 2016).
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Although several studies have already 
reported the beneficial effects of inoculation 
of A. brasilense in wheat, few of them have 
related the co-inoculation of A. brasilense and 
Rhizobium sp. and the evaluation of different 
inoculation methods. Thus, this study aimed i) to 
verify the efficiency of plant growth-promoting 
bacteria (PGPB) in subtropical environments, ii) 
to verify the efficiency of co-inoculation of A. 
brasilense and Rhizobium sp., and iii) to verify 
the efficiency of the management of different 
inoculation methods in the wheat crop.

Material and Methods

Experimental conditions

The experiments were conducted in 
the experimental area of the State University 
of Londrina (UEL) (23°20’23’’ S, 51°12’32’’ 
W, 532 m altitude) and the farm Estância 
Natureza, located in Apucarana (23°31’17’’ 

S and 51°27’10’’ W, 790 m altitude), during 
the 2016 agricultural year. The soil in the UEL 
experimental area is classified as eutrophic 
Red Latosol, while the soil on the farm Estância 
Natureza is classified as eutrophic Red 
Nitosol. Both municipalities are in the State 
of Paraná, Brazil, and the climate is classified 
as Cfa, i.e., a subtropical humid mesothermal 
climate, according to Köppen classification. 
The data of precipitation and maximum and 
minimum temperatures were obtained from 
the Agronomic Institute of Paraná (IAPAR) 
for Londrina and the Meteorological System 
of Paraná (SIMEPAR) for Apucarana (Figure 
1). Soil chemical analyses (0–20 cm) were 
carried out before the experiments were set 
up, presenting the following results in Londrina 
and Apucarana, respectively: pH (CaCl2) = 4.17 
and 5.24, P = 7.53 and 12.97 mg dm−3, K+ = 
0.22 and 1.15 cmolc dm−3, Ca2+ = 3.75 and 8.95 
cmolc dm−3, Mg2+ = 0.65 and 2.04 cmolc dm−3, 
effective CEC = 4.62 and 12.14 cmolc dm−3, and 
V% = 38.53 and 70.99.

Figure 1. Daily data of precipitation and maximum and minimum temperature during the 
experimental period in Londrina (A) and Apucarana (B) in the 2016 agricultural year.
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The experimental design was complete randomized blocks, with four replications and nine 

treatments: T1) absence of nitrogen (N) topdressing, T2) 30 kg ha−1 of N topdressing, T3) 60 kg ha−1 of N 

topdressing, T4) A. brasilense Ab-V5 in the seeds, T5) A. brasilense Ab-V5 in post-emergence, T6) A. 

brasilense Ab-V5 + Rhizobium sp. 53GRM1 in the seeds, T7) A. brasilense Ab-V5 + Rhizobium sp. 

53GRM1 in post-emergence, T8) commercial inoculant (A. brasilense Ab-V5 + Ab-V6) in the seeds, and 

T9) commercial inoculant (A. brasilense Ab-V5 + Ab-V6) in post-emergence. 

The plots consisted of 28 rows 5 m long, with an inter-row spacing of 0.17 m and a density of 441 

seeds m−2. The useful area of the plots was defined as the 26 central rows without the 0.5 m from each end, 

which corresponded to 17.68 m2. The wheat cultivar used in the experiments was CD 150 (Coodetec), which 

has a small size, early cycle, high production potential in soils with good fertility, good sanity, and blast 

tolerance, being used as flour-improving wheat in the food industry. The fungicide pyraclostrobin and the 

insecticides thiophanate-methyl and fipronil were used for seed treatment at a dose of 2 mL kg−1 of seeds. 

Seed treatment was carried out five days before sowing, while seed inoculation with PGPB was carried out 

during sowing. Sowing was carried out on May 13, 2016, in Londrina and May 23, 2016, in Apucarana. 

Sowing fertilization consisted of 200 kg ha−1 of the NPK formulation 10–15–15, considering the soil 

chemical analyses and crop recommendations (Silva, Bassoi, & Foloni, 2017). 

 

Bacterial growth and inoculation 

The bacteria used in the non-commercial inoculant are deposited in the collection of bacterial 

cultures of the Laboratory of Molecular Biochemistry of UEL (LBM–UEL). Colonies of Ab-V5 and 

Rhizobium sp. 53GRM1 were grown as pre-inoculum in liquid DYGS medium (2 g of glucose, 1.5 g of 

peptone, 2 g of yeast extract, 0.5 g of K2HPO4, 0.5 g of MgSO4, and distilled water q.s. to 1 L, pH 6.0) for 24 

hours. Then, they were multiplied in 250 mL of liquid M15 medium (Oliveira et al., 2017) and cultured for 



Co-inoculation and inoculation methods of plant growth-promoting bacteria in...

47Semina: Ciênc. Agrár. Londrina, v. 42, n. 1, p. 43-56, jan./fev. 2021

The experimental design was 
complete randomized blocks, with four 
replications and nine treatments: T1) absence 
of nitrogen (N) topdressing, T2) 30 kg ha−1 of N 
topdressing, T3) 60 kg ha−1 of N topdressing, 
T4) A. brasilense Ab-V5 in the seeds, T5) A. 
brasilense Ab-V5 in post-emergence, T6) A. 
brasilense Ab-V5 + Rhizobium sp. 53GRM1 
in the seeds, T7) A. brasilense Ab-V5 + 
Rhizobium sp. 53GRM1 in post-emergence, 
T8) commercial inoculant (A. brasilense Ab-
V5 + Ab-V6) in the seeds, and T9) commercial 
inoculant (A. brasilense Ab-V5 + Ab-V6) in 
post-emergence.

The plots consisted of 28 rows 5 m 
long, with an inter-row spacing of 0.17 m and 
a density of 441 seeds m−2. The useful area 
of the plots was defined as the 26 central 
rows without the 0.5 m from each end, 
which corresponded to 17.68 m2. The wheat 
cultivar used in the experiments was CD 
150 (Coodetec), which has a small size, early 
cycle, high production potential in soils with 
good fertility, good sanity, and blast tolerance, 
being used as flour-improving wheat in the 
food industry. The fungicide pyraclostrobin 
and the insecticides thiophanate-methyl and 
fipronil were used for seed treatment at a 
dose of 2 mL kg−1 of seeds. Seed treatment 
was carried out five days before sowing, while 
seed inoculation with PGPB was carried out 
during sowing. Sowing was carried out on 
May 13, 2016, in Londrina and May 23, 2016, 
in Apucarana. Sowing fertilization consisted of 
200 kg ha−1 of the NPK formulation 10–15–15, 
considering the soil chemical analyses and 
crop recommendations (Silva, Bassoi, & Foloni, 
2017).

Bacterial growth and inoculation

The bacteria used in the non-
commercial inoculant are deposited in 
the collection of bacterial cultures of the 
Laboratory of Molecular Biochemistry of UEL 
(LBM–UEL). Colonies of Ab-V5 and Rhizobium 
sp. 53GRM1 were grown as pre-inoculum in 
liquid DYGS medium (2 g of glucose, 1.5 g of 
peptone, 2 g of yeast extract, 0.5 g of K2HPO4, 
0.5 g of MgSO4, and distilled water q.s. to 1 L, 
pH 6.0) for 24 hours. Then, they were multiplied 
in 250 mL of liquid M15 medium (Oliveira et al., 
2017) and cultured for 48 hours under stirring 
in an orbital incubator (180 rpm at 28 °C). After 
this period, the cultures were interrupted 
and the cell concentration was determined 
by counting in a Neubauer chamber, with 
subsequent standardization of the cell 
suspension and dilution to a concentration of 
1 × 108 bacterial cells mL−1 of the inoculant.

The inoculants were applied at a 
concentration of 1 × 108 bacterial cells mL−1 for 
treatments T4 and T6 using 30 mL of inoculant 
per kg of seed. Seed inoculation for treatment 
T8 was performed using the commercial 
product Qualyfix® (A. brasilense strains Ab-
V5 + Ab-V6) using 6 mL of inoculant per kg 
of seed at a commercial concentration of 5 × 
108 bacterial cells mL−1. Treatments with post-
emergence inoculation (T5 and T7) received 2.5 
L ha−1 of inoculants at a concentration of 1 × 108 
bacterial cells mL−1 using a knapsack sprayer 
at seven days after seedling emergence. 
The treatment commercial inoculant in post-
emergence (T9) received 500 mL ha−1 of the 
Qualyfix® inoculant at a concentration of 5 × 
108 bacterial cells mL−1. Treatments T2 and T3 
received 30 and 60 kg ha−1 of N topdressing, 
respectively, at the beginning of tillering, with 
ammonium sulfate as the N source.
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Agronomic characteristics and nitrogen 
content

The following characteristics were 
evaluated: grain yield (GY, in kg ha−1), corrected 
to 13% moisture; thousand-grain weight (TGW, 
in g), according to the rules for seed testing; 
number of ears per linear meter (NEM); number 
of grains per ear (NGE); number of grains per 
spikelet (NGS); number of spikelets to ears 
ratio (SER); and leaf nitrogen content (LNC, in g 
kg−1). LNC was determined using 30 flag leaves 
collected from each plot, packed in paper 
bags, and taken to a forced-air ventilation oven 
at 65 °C until constant mass. Subsequently, 
the samples were ground, homogenized 
and aliquots of 0.1 g were taken for later N 
determination using the Kjeldahl method 
through digestion, distillation, and titration 
processes, as described by Bremner and 
Mulvaney (1982).

Data analysis

The data were subjected to the individual 
analysis of variance and, subsequently, to 
joint analysis of variance after detecting the 
homogeneity of residual variances by the 
Bartlett (1937) test. The means were grouped 

by the Scott and Knott (1974) clustering test at 
a 5% probability level when there was statistical 
significance (P<0.05). Statistical analyses were 
performed using the software R (http://www.r-
project.org), using the easyanova package 
(Arnhold, 2013).

Results and Discussion

Most of the agronomic characteristics 
showed a significant effect of environment, 
except for SER and LNC. On the other hand, 
only GY presented a significant effect of 
treatment. Only the characteristic LNC had a 
significant effect (P<0.05) for the interaction 
treatments × environments (Table 1), indicating 
a differential behavior of treatments relative to 
environmental variations. Although Londrina 
and Apucarana showed similar variations in 
temperature and precipitation (Figure 1), a 
high difference was observed regarding the 
soil fertility of these environments. According 
to Castro-Sowinski, Herschkovitz, Okon and 
Jurkevitch (2007), the response to inoculation 
may vary according to the environmental 
conditions, soil chemical, physical, and/or 
biological characteristics, plant genotype, 
bacterial strain, and quality of PGPB cells used 
as inoculants.
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Table 1
Summary of the joint analysis of variance and coefficient of variation (CV) of seven agronomic 
characteristics evaluated in the wheat cultivar CD 150 as a function of different forms of fertilization in 
experiments conducted in Londrina and Apucarana in the 2016 agricultural year

SV DF
Mean square1

NEM SER NGS NGE TGW GY LNC

Block/Site 6 148.73 1.71 0.059 43.10 2.22 1814.88 13.90

Treatment (T) 8 26.91 0.75 0.073 48.29 3.30 537.26** 29.15

Environment (E) 1 1462.50* 2.41 2.456** 279.66* 356.00** 14113.01* 12.87

T × E 8 33.56 0.74 0.022 20.10 4.66 232.07 42.35*

Residual 48 20.08 0.92 0.099 33.43 2.38 122.91 16.69

Apucarana 39.90 16.16 3.31 51.64 36.57 1967.50 19.74

Londrina 30.88 16.52 2.94 47.70 32.12 1082.03 18.9

Overall mean 35.39 16.43 3.13 49.67 34.35 1524.76 19.32

CV (%) 12.65 5.86 10.05 11.64 4.49 22.96 21.14
1GY = grain yield; TGW = thousand-grain weight; NEM: number of ears per linear meter; NGE = number of grains per ear; 
NGS = number of grains per spikelet; SER = number of spikelets to ears ratio; LNC = leaf nitrogen content.
*, ** significant at the 5 and 1% probability level by the F-test, respectively.

The means of GY of the treatments A. 
brasilense Ab-V5 + Rhizobium sp. 53GRM1 
in post-emergence (1743.12 kg ha−1) and 
commercial inoculant (A. brasilense Ab-V5 + 
Ab-V6) in post-emergence (1660.62 kg ha−1) 
did not differ statistically from the treatment 
60 kg ha−1 of N topdressing (2035.43 kg ha−1) 
by the Scott and Knott test, which were higher 
than the other treatments (Figure 2). Thus, 
these treatments could completely replace N 
fertilization in the wheat crop. Some studies 
have observed that inoculation of wheat with A. 
brasiliense replaced topdressing N fertilization 
only partially (Piccinin et al., 2013; Veresoglou 
and Menexes, 2010). For instance, Pereira et 
al. (2017) studied the effect of different forms 
of inoculation of A. brasilense (seed, post-
emergence, and sowing furrow) associated 
with topdressing N doses (0, 30, and 60 kg 
ha−1) and reported that the use of half the N 
dose (30 kg ha−1) associated with A. brasilense, 

regardless of the inoculation method, provided 
an increase in wheat yield compared to the 
application of half the N dose alone. On the 
other hand, the inoculation of A. brasilense 
was not able to replace the total topdressing 
N fertilization.

Vogel, Martinkoski, Jadoski and Fey 
(2015) found that the chemical treatment of 
seeds had a detrimental effect on inoculation 
with PGPB when it is carried out directly on the 
seeds. In this sense, the results observed in 
the present study have importance regarding 
the inoculation methods of PGPB, as the 
inoculation in post-emergence is a viable 
and effective alternative compared to the 
inoculation directly in the seeds. Fukami et al. 
(2016) evaluated different inoculation methods 
and found that the inoculant application via leaf 
spraying increased yield relative to the control 
treatments in wheat and corn crops. Pereira 
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et al. (2017) reported that inoculation with A. 
brasilense in its liquid form via seed treatment, 
leaf application, or sowing furrow provided 
increases in wheat yield compared to the 
control treatment. On the other hand, Ferreira 

et al. (2017) observed increases in wheat yield 
when inoculated with A. brasilense via seed and 
post-emergence. However, the authors did not 
find significant increases when the inoculation 
was performed via leaf spraying.

Figure 2. Means and their respective groups by the Scott and Knott (1974) test 
for grain yield of the wheat cultivar CD150 as a function of different inoculation 
methods. Means followed by the same letters constitute a statistically 
homogeneous group by the Scott and Knott (1974) test.

(2017) reported that inoculation with A. brasilense in its liquid form via seed treatment, leaf application, or 

sowing furrow provided increases in wheat yield compared to the control treatment. On the other hand, 

Ferreira et al. (2017) observed increases in wheat yield when inoculated with A. brasilense via seed and post-

emergence. However, the authors did not find significant increases when the inoculation was performed via 

leaf spraying. 
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The treatment A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 in post-emergence showed an 

increase of 17.42 and 15.21% in GY relative to treatments with no N topdressing and 30 kg ha−1 of N 

topdressing, respectively (Figure 2), indicating the inoculation potential of A. brasilense and Rhizobium sp. 

in wheat cultivation. Spolaor et al. (2016) studied the effect of co-inoculation of A. brasilense and Rhizobium 

sp. in popcorn and reported an increase of 26.1% in the co-inoculated treatment relative to the non-

inoculated treatment in the absence of topdressing nitrogen fertilization. Regarding the treatment commercial 

inoculant (A. brasilense Ab-V5 + Ab-V6) in post-emergence (Figure 2), the inoculation with the strains Ab-

V5 + Ab-V6 showed an increase of 16.12% relative to the inoculation with only the strain Ab-V5 in post-

emergence. These results are corroborated by those observed by Hungria et al. (2010), who reported that the 

effect of strains Ab-V5 and Ab-V6 is enhanced when they are inoculated together. On the other hand, no 

statistical difference was observed between the treatments commercial inoculant (A. brasilense Ab-V5 + Ab-

V6) and the strain Ab-V5 inoculated in the seeds. 
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The treatment A. brasilense Ab-V5 + 
Rhizobium sp. 53GRM1 in post-emergence 
showed an increase of 17.42 and 15.21% in GY 
relative to treatments with no N topdressing 
and 30 kg ha−1 of N topdressing, respectively 
(Figure 2), indicating the inoculation potential 
of A. brasilense and Rhizobium sp. in wheat 
cultivation. Spolaor et al. (2016) studied 
the effect of co-inoculation of A. brasilense 
and Rhizobium sp. in popcorn and reported 
an increase of 26.1% in the co-inoculated 
treatment relative to the non-inoculated 
treatment in the absence of topdressing 

nitrogen fertilization. Regarding the treatment 
commercial inoculant (A. brasilense Ab-V5 
+ Ab-V6) in post-emergence (Figure 2), the 
inoculation with the strains Ab-V5 + Ab-V6 
showed an increase of 16.12% relative to the 
inoculation with only the strain Ab-V5 in post-
emergence. These results are corroborated 
by those observed by Hungria et al. (2010), 
who reported that the effect of strains Ab-
V5 and Ab-V6 is enhanced when they are 
inoculated together. On the other hand, no 
statistical difference was observed between 
the treatments commercial inoculant (A. 
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brasilense Ab-V5 + Ab-V6) and the strain Ab-
V5 inoculated in the seeds.

Regarding LNC (Table 2), the treatments 
A. brasilense Ab-V5 in the seeds, A. brasilense 
Ab-V5 + Rhizobium sp. 53GRM1 in the 
seeds, A. brasilense Ab-V5 + Rhizobium sp. 
53GRM1 in post-emergence, and commercial 
inoculant (A. brasilense Ab-V5 + Ab-V6) in 
post-emergence presented the lowest values 
in Apucarana environment. However, the 
Londrina environment showed no significant 
difference between treatments. The treatment 
commercial inoculant (A. brasilense Ab-V5 + 
Ab-V6) in the seeds had a higher LNC mean in 
Apucarana than Londrina, while the treatment 
A. brasilense Ab-V5 in the seeds was superior 
in Londrina than in the Apucarana environment. 
Galindo et al. (2017) reported that inoculation 
with A. brasilense alone showed no effect 

on yield and production components of the 
wheat crop. However, the authors observed 
an increase in LNC relative to non-inoculated 
treatments. Hungria et al. (2010) observed 
a mean increase of 31% of treatments 
inoculated with strains Ab-V5 and Ab-V6 
compared to non-inoculated treatments, which 
corroborates with the results obtained in the 
present study, in which the mean increase was 
20%. According to the authors, the positive 
effects of inoculation were attributed to general 
increases in the macro-and micronutrient 
uptake by inoculated wheat plants. Also, 
Camilios et al. (2014) observed changes in the 
expression of genes involved in the transport 
of nutrients of wheat plants inoculated with A. 
brasilense, directly reflecting in the uptake of 
nutrients such as N.

Table 2
Leaf nitrogen content (g kg−1) in the wheat cultivar CD 150 as a function of different forms of fertilization 
in experiments conducted in Londrina and Apucarana in the 2016 agricultural year

Treatments1/
Site

Apucarana Londrina

T1) Absence of N topdressing 20.03 ± 0.961 Aa2 16.97 ± 1.22 Aa

T2) 30 kg ha−1 of N topdressing 20.08 ± 2.1 Aa 19.95 ± 1.75 Aa

T3) 60 kg ha−1 of N top-dressing 22.13 ± 1.18 Aa 19.07 ± 1.92 Aa

T4) A. brasilense Ab-V5 in the seeds 18.37 ± 2.7 Bb 24.41 ± 3.65 Aa

T5) A. brasilense Ab-V5 in post-emergence 20.91 ± 2.0 Aa 17.41 ± 1.57 Aa

T6) A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 in the seeds 16.27 ± 0.4 Ab 17.32 ± 0.96 Aa

T7) A. brasilense Ab-V5 + Rhizobium sp. 53GRM1 in
post-emergence

17.06 ± 4.5 Ab 18.37 ± 0.98 Aa

T8) Commercial inoculant (A. brasilense Ab-V5 + Ab-V6) in the 
seeds

26.86 ± 2.3 Aa 17.41 ± 1.22 Ba

T9) commercial inoculant (A. brasilense Ab-V5 + Ab-V6) 
in post-emergence

15.22 ± 1.25 Ab 19.16 ± 1.13 Aa

1Means ± standard deviation. 2Means followed by the same uppercase letters in the row (site) and lowercase letters in 
the columns (treatments) constitute a statistically homogeneous group using the Scott and Knott (1974) test.
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According to Cassán and Diaz-Zorita 
(2016), more than 104 biological products 
containing Azospirillum spp. are commercially 
available in South America alone and 64% 
of them are registered for wheat cultivation. 
Although most of these biofertilizers are 
recommended for inoculation via seed, 
the results presented in the present study 
demonstrate that post-emergence inoculation 
can be considered an efficient strategy in co-
inoculation of A. brasilense and Rhizobium sp. 
in the wheat crop, bypassing the problems 
caused by the chemical treatment of seeds. 
Several other studies have reported higher 
efficiency of post-emergence inoculation 
methods, which was corroborated by the 
results obtained in the present study.

Conclusion

Co-inoculation with A. brasilense Ab-
V5 + Rhizobium sp. 53GRM1 and inoculation 
with A. brasilense Ab-V5 + Ab-V6, both in post-
emergence of seedlings, showed grain yield 
similar to the fertilization of 60 kg ha−1 of N 
topdressing, indicating that these technologies 
have the potential to replace topdressing 
nitrogen fertilization in the wheat crop.
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