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Resumo 

As espécies cultivadas possuem pH ideal do solo para absorção de nutrientes e desenvolvimento 

adequado, sendo necessário conhecer o desempenho das bactérias fixadoras de nitrogênio e 

promover o crescimento das plantas em diferentes níveis de acidez, a fim de aumentar os 

resultados para aumentar o rendimento das culturas com o uso de inoculação de tecnologia de 

sementes de gramíneas. Assim, o presente estudo teve como objetivo determinar o 

desenvolvimento inicial de mudas de trigo submetidas à inoculação com Azospirillum 

brasilense e Herbaspirillum seropedicae em diferentes níveis de solução de irrigação por acidez 

em substrato de areia autoclavado. Adotou-se o delineamento em blocos casualizados (RBD) 

em fatorial 3x4 com três níveis de acidez da solução (pH 4,5, 5,5 e 6,5) e o segundo fator [sem 

inoculação, sementes inoculadas no momento da semeadura com A. brasilense (AbV5 ), H. 

seropedicae (SmR1) e associação das duas cepas AbV5 + SmR1. O aumento do comprimento 

radicular foi detectado em pH 4,5, comparado a pH 5,5 e 6,5, independentemente ou não de A. 

brasilense e H. seropedicae. A inoculação com A. brasilense promove maior coleta de 

diâmetro, independentemente do pH e aumento do volume radicular para pH 6,5 sozinho ou 

associado a H. seropedicae. 
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Palavras-chave: Azospirillum brasilense; Herbaspirillum seropedicae; Bactérias promotoras 

de crescimento de plantas. 

 

Abstract 

The cultivated species have ideal soil pH for absorption of nutrients and proper development, 

it is necessary to know the performance of nitrogen-fixing bacteria and promoting plant growth 

(PGPBs) at different levels of acidity, in order to increase the results to elevate crop yields with 

the use of technology inoculation of seeds of gramineous. Thereby, the present study aimed to 

determine the initial development of wheat seedlings subjected to inoculation with Azospirillum 

brasilense and Herbaspirillum seropedicae at different levels of acidity irrigating solution in 

autoclaved sand substrate. Adopted the randomized block design (RBD) in a 3x4 factorial 

design with three levels of acidity of the solution (pH 4.5, 5.5 and 6.5) and the second factor 

[without inoculation, seeds inoculated at the time of seeding with A. brasilense (AbV5), H. 

seropedicae (SmR1) and association of the two strains AbV5+ SmR1. Increased root length 

was detected at pH 4.5 compared to pH 5.5 and 6.5 regardless or not with A. brasilense and H. 

seropedicae. Inoculation with A. brasilense promotes greater diameter collect, regardless of the 

pH and increase in root volume to pH 6.5 alone or associated with H. seropedicae. 

Keywords: Azospirillum brasilense; Herbaspirillum seropedicae; Plant growth promoting 

bacteria. 

 

Resumen 

Las especies cultivadas tienen un pH ideal del suelo para la absorción de nutrientes y el 

desarrollo adecuado, es necesario conocer el rendimiento de las bacterias fijadoras de nitrógeno 

y promover el crecimiento de las plantas a diferentes niveles de acidez, con el fin de aumentar 

los resultados para aumentar los rendimientos de los cultivos con el uso de tecnología de 

inoculación de semillas de gramíneas. De este modo, el presente estudio tuvo como objetivo 

determinar el desarrollo inicial de las plántulas de trigo sometidas a inoculación con 

Azospirillum brasilense y Herbaspirillum seropedicae a diferentes niveles de solución de 

irrigación de acidez en sustrato de arena en autoclave. Adoptó el diseño de bloques al azar 

(RBD) en un diseño factorial 3x4 con tres niveles de acidez de la solución (pH 4.5, 5.5 y 6.5) y 

el segundo factor [sin inoculación, semillas inoculadas en el momento de la siembra con A. 

brasilense (AbV5 ), H. seropedicae (SmR1) y asociación de las dos cepas AbV5 + SmR1. Se 

detectó un aumento en la longitud de la raíz a pH 4.5 en comparación con pH 5.5 y 6.5 

independientemente o no con A. brasilense y H. seropedicae. La inoculación con A. brasilense 
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promueve una mayor recolección de diámetro, independientemente del pH y el aumento del 

volumen de la raíz a pH 6.5 solo o asociado con H. seropedicae. 

Palabras clave: Azospirillum brasilense; Herbaspirillum seropedicae; Bactérias promotoras 

de crescimento de plantas. 

 

1. Introduction 

 

Diazotrophic bacteria can be used to partially replace nitrogen fertilizers (Novakowiski 

et al., 2011; Piccinin et al., 2013), because they promote increase in root length, number of roots 

and radicial roots, being called plant growth promoting bacteria (PGPBs), due the production 

and estimulaton of hormone that potentiate the plant development (Egamberdieva, 2012). 

Several studies have been carried out to investigate the synergism between (PGPBs) and 

cultivated species, corn, wheat, Brachiaria sp. Some bacteria were isolated and are currently 

studied, such as the species Azospirillum brasilense and Herbaspirillum seropedicae. Kuss et 

al. (2007) and Vogel et al. (2013) reported the occurrence and activity of these bacteria in soil 

and plant, that favorable environmental conditions are strongly influenced by physical, 

chemical and biological stresses.  

According to Rufini et al., (2011), the pH of the solution affects the action of the BNFs, 

increasing the pH stimulates the symbiosis between bacteria and plants. The sensitivity of the 

interaction of diazotrophic bacteria with the plant species is strictly related to abiotic factors, 

such as acidity, which in turn affects the microbiota, limiting its survival, persistence and 

multiplication (Ferreira et al., 2014). According to Novais et al. (2007) the ideal soil pH range 

for agriculture is between 5.5 and 6.5. The activity of the PGPBs grow at an ideal pH range of 

6.0 to 7.0 and few grow well at pH below 5.0 (Rodrigues et al., 2006; Ali et al., 2009). 

In this context, it is appropriate to know the relationship between plant and bacteria, 

because the cultivated species lack an ideal soil pH for adequate nutrient absorption and 

adequate development. Thus, it is necessary to know the performance of PGPBs in different 

levels of acidity, to potentialize utilization in order to increase crop productivity. Thus, the 

objective of this work was to verify the initial development of wheat seedlings submitted to 

inoculation of A. brasilense and H. seropedicae at different levels of acidity of the irrigating 

solution in autoclaved sand substrate. 

 

 

 



Research, Society and Development, v. 9, n. 9, e558996599, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6599 

5 

2. Methodology 

 

The experiment was conducted at the Station of Horticulture and Protected Cultivation 

"Prof. Dr. Mário César Lopes "belonging to the State University of the West of Paraná, Campus 

of Marechal Cândido Rondon - PR, under coordinates 54º 22 'W, 24º 46' S and altitude around 

of 420 m. 

The experimental design was a randomized blocks (CRB), in a 3x4 factorial scheme, 

with four replications totaling 48 experimental plots, formed by three acid levels of the 

irrigating solution in autoclaved sand substrate (pH 4.5, 5.5 and 6.5 ) And four treatments of 

seed inoculation, being characterized as witness treatment (absence of seed inoculation); 

Inoculation of wheat seeds with Azospirillum brasilense (AbV5); Inoculation with 

Herbaspirillum seropedicae (SmR1) and inoculation with the association of the two bacterial 

species (AbV5 + SmR1). 

The strains of A. brasilense and H. seropedicae were supplied by the laboratory of 

Biochemistry and Molecular Biology of the UFPR of Curitiba. The volume of the inoculating 

solution from 4 mL to 1000 seeds was used, with a population of 107 colony forming units mL-

1 (CFU mL-1). The seeds of wheat cultivar CD 150 were inoculated in a flow chamber with the 

aid of plastic bags, homogenizing the distribution of the inoculant, and after one hour sowing 

was carried out. 

Polyethylene trays were used with sand sterilized in an autoclave (20 minutes at 120°C 

and 1 atm). The experimental plots were organized in trays of 9.46 dm3, with dimensions of 

43.00 x 27.50 x 8.00 cm. 25 seeds were seeded per plot, then irrigated with solution and kept 

in a germination chamber type BOD at 25°C and photoperiod of 12 hours. Irrigations were 

performed daily, with standard solution with distilled water at different pH (4.5, 5.5 and 6.5) 

adjusted with hydrochloric acid (0.1N HCl) and sodium hydroxide (0.1N NaOH). 

The seedlings emerged were evaluated per seven days, folowing the Seed Analysis 

Rules (Brasil, 2009), determining the Emergence Velocity Index (EVI), the first counting of 

emerged seedlings (%) and percentage of Emerged Plants (%). 

After eight days of conduction, ten wheat seedlings from each experimental plot were 

submitted to shoot length (SL), root (RL), stem diameter (SD) (mm) and root number (NR). 

With the aid of a graduated cylinder, root volume (cm³) (RV) was quantified through the 

technique of displacement of the water column, from the complete immersion of the roots in 

the same. The seedlings were separated in shoot and root, being forced to the oven of forced 

circulation of air for drying to 65 ± 2ºC; After 72 hours the samples were weighed, determining 
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the shoot dry matter mass (SM) and root (RM). 

The data were tabulated and analyzed in the Sisvar 5.1 Build 72 program (Ferreira, 

2019). Variance analysis was performed and Tukey's test was applied at 5% error probability 

for the means provided for both different pH levels of the irrigating solution and seed 

inoculation. 

 

 

3. Results and discussion 

 

According to data from the analysis of variance shown in Table 1, both percentage of 

emerged plants, first count, root length, stem diameter, root volume and root dry matter mass 

were statistically different in at least one of the sources of variation analyzed (pH levels and / 

or inoculation of seeds with bacteria). For shoot length, root number and shoot dry mass, no 

significant difference was identified. 

 

Table 1 - Analysis of variance for variables measured in the initial development of wheat 

seedlings up to eight days after sowing, submitted to inoculation of A. brasilense and H. 

seropedicae at different levels of acidity of the irrigating solution of the autoclaved sand 

substrate. 

F.V. % PE % FC SL RL SD RV RN SM M 

Valores de F 

Inoculation(I) 8.11* 5.48* 2.57ns 1.34ns 4.99* 1.88ns 2.06ns 1.49ns 0.18ns 

pH 2.16ns 1.45ns 4.74ns 13.93** 1.10ns 3.26ns 2.46ns 1.32ns 1.09ns 

I x pH 0.42ns 0.49ns 1.66ns 1.85ns 1.66ns 6.21** 0.86ns 1.61ns 3.53* 

Average 88.75 86.17 13.14 20.33 1.64 0.84 4.49 9.11 8.50 

CV(%) 7.34 9.17 3.61 6.87 3.41 20.46 5.13 12.53 8.19 

**significativo a 5% pelo teste F; **significativo a 1% pelo teste F; ns não significativo pelo teste F. (1)PE:  

emergency percentage; FC: First Count; SL: shoot lenght; RL: Root lenght; SD: Stem diameter; RV: 

Root volume; RN: Root number; SDMA: Shoot dry mass of aerial; RM: Root dry mass.Source: Authors. 

 

The first count of the emergence during the combined inoculation of A. brasilense and 

H. seropedicae was observed to be -7.63% and -9.37% reduction when compared to the witness 

and the isolated inoculation of A. brasilense, respectively (Figure 1A). The percentage of 

germination was affected only by the inoculation methods, so that the combined inoculation of 

the bacteria presented germination of 7.06% lower than the witness and of -8.42% when 

compared to the isolated inoculation of the bacteria (Figure 1B). 

 The inoculation of two species, nitrogen fixation and / or plant growth promoters with 
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differentiated action characteristics, can maximize the effects of plant growth promotion. 

However, it has been reported that combined use may initially lead to competition between 

bacteria for binding and colonization sites, and inhibition of plant development can be observed 

(Plazinski & Rolfe, 1985). This condition is likely to be observed when using the combination 

with bacteria in which at least one is required to survive on living plant cells such as H. 

seropedicae. 

 

Figure 1 - Percentage of seedlings emerged at the first count (A) and percentage of emergence 

(B) of wheat seedlings at 8 days after sowing in the average of the treatments submitted to the 

inoculation of A. brasilense and H. seropedicae, regardless of the acidity level of the irrigant 

solution in sand substrate autoclaved. 
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Source: Authors. 

 

 

 

For root length variable there was a significant difference for the substrate pH factors 

(Figure 2). Seedlings irrigated with pH 4.5 irrigated solution had longer roots than the other pH 

levels (5.5 and 6.5), independent of seed inoculation. In this way, the use of irrigating solution 

with pH of 4.5 did not affect the development of wheat seeds until eight days after sowing 

(DAS), maintaining root development. The increase in root length presented in the solution at 

pH 4.5 is related to a higher root colonization of the bacteria in a more acidic condition 

(Dobereiner et al., 1976). 

 

 

 

 

 

 

 

 

 

78

80

82

84

86

88

90

92

89,66 91 91

G
er

m
in

at
io

n
 (

%
)

Inoculation

Witness        

a

H. seropedicae A. brasilense A. brasilense 

x 

H. seropedicae

a
a a

(B) 



Research, Society and Development, v. 9, n. 9, e558996599, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6599 

9 

Figure 2 - Root length of wheat seedlings at 8 days after sowing on the average of the treatments 

submitted to the acid levels of the irrigating solution, independent of seed inoculation, on 

autoclaved sand substrate. 

 

Source: Authors. 
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rizosfera, A. brasilense tem sobrevivência independente da aridez do solo, sobretudo 

perturbações do solo como percolação de água ou remoção de plantas afetam direta e 

rapidamente os níveis populacionais de A. brasilense. 

However, when the stem diameter was observed, only a significant effect of the 

inoculations was obtained, with higher mean values in the inoculated seedlings with A. 

brasilense presenting a thicker stem diameter than the witness, with an increase of 6.47%, 

irrespective of the pH of the irrigating solution (Figure 3). However, the inoculation with H. 

seropedicae and the combined use of the A. brasilense and H. seropedicae strains, the stem 

diameter was similar to the witness regardless of the acid level of the irrigating solution. 

 

Figure 3 - Corn stem diameter of wheat seedlings at 8 days after sowing, submitted to 

inoculation of A. brasilense and H. seropedicae, regardless of the acidity level of the irrigating 

solution of the autoclaved sand substrate. 

  

Source: Authors. 

 

This result is in agreement with that found by Dartora et al. (2013), in which they used 

AbV5 (A. brasilense) and SmR1 (H. seropedicae) strains, obtained a larger stem diameter in 

the vegetative and reproductive phases of corn, both in the absence and in the presence of 

nitrogen. The increase of stem diameter leads to a greater accumulation of soluble solids which, 

in turn, aid in the formation of grains. 

The highest mean root length in 8 DAS for isolated inoculation of A. brasilense is related 

1,50

1,55

1,60

1,65

1,70

1,75

0

st
e

m
s 

d
ia

m
e

te
r,

 c
m

Inoculation

a

Witness

b

ab

H. seropedicae A. brasilense A. brasilense 

x 

H. seropedicae 

ab



Research, Society and Development, v. 9, n. 9, e558996599, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6599 

11 

to higher AIA production in relation to H. seropedicae, in a similar concentration of bacteria, 

promoting greater growth, as evidenced by the increase of stem diameter (Perrig Et al., 2007). 

On the other hand, the joint use of the strains of A. brasilense and H. seropedicae results in a 

complex interaction, the interaction between a bacteria and a plant is already complex, with 

different infectious processes, being positive or negative. Souza et al., (2011) verified a lower 

total concentration of bacteria in the plant in the interaction between H. seropedicae + A. 

brasilense + Leifsonia xyli subsp. Xyli, compare to the isolated use. 

Perin et al. (2003) reported better colonization of plants when using the interaction 

between A. brasilense (Sp7) and H. seropedicae (Z67) in maize and rice plants. As these authors 

use in plants with larger seeds such as corn, colonization is favored and increases in plant 

characteristics are more evident when using combined bacteria, but when using small seeds 

such as rice, this response is reduced, probably due to lower intensity of excretion of exudates 

from smaller seeds, which stimulate bacterial colonization. In this way, the combined 

inoculation in wheat seeds, that is, small seeds, leads to late colonization, when compared to 

isolated inoculation, reflecting in slower responses. Consequently, the isolated use of H. 

seropedicae due to its action internally in the plant, after colonization in 8 DAS, led to a lower 

supply of phytohormones during the initial development of wheat, with no difference in stem 

diameter. 

Unlike root length and stem diameter, for root volume there was interaction between 

solution pH and seed inoculation, so that the pH of 4.5 and 5.5 did not interfere with the seed 

treatments with A. Brasilense, H. seropedicae and their association. When the substrate was 

irrigated with pH 6.5 solution, the treatments that received A. brasilense presented higher 

averages (Table 2). 

Such response may comprise elongated and less robust roots (smaller diameter) at pH 

4.5 and 5.5. At these pH values of the irrigating solution, the bacteria tend to concentrate in the 

vicinity of the roots, thus having high concentrations of growth promoters present that stimulate 

root growth (Table 2), not reflecting differences in root volume. Because in the rhizosphere, 

they synthesize auxin as secondary metabolites due to the rich sources of root exudates of the 

plants, providing auxin to the plants in the rhizosphere, thus stimulating root growth 

(Egamberdieva, 2012). At pH 6.5 the witness and H. seropedicae presented roots with lower 

volume. It was observed that inoculation of seeds with the H. seropedicae strain had an 

unfavorable effect on the root volume, related to the time required for the infectious process 

during germination (Juge et al., 2012) and the lower production of Phytorials in the 

establishment (Perrig et al., 2007). 
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Table 2 - Volume and dry matter of seedlings of wheat at 8 days after sowing, submitted to 

inoculation of A. brasilense and H. seropedicae at different levels of acidity of the irrigating 

solution of the autoclaved sand substrate. 

 Root volume (cm³)  Root dry mass (g) 

Inoculation 
pH  pH 

4,5 5,5 6,5  4,5 5,5 6,5 

Witness 0.65Aa 0.58Aa 0.60Ab  0.09Aa 0.08Bb    0.08Aba 

Azo 0.80Ba 0.55Ba 1.38Aa  0.08Aa 0.09Aa 0.09Aa 

Herb 0.75Aa 0.88Aa 0.90Ab  0.09Aa     0.09ABab 0.08Ba 

Azo x Herb 0.85Ba 0.80Ba 1.38Aa  0.09Aa   0.08Aab 0.08Aa 

Azo: Azospirillum brasilense; Herb: Herbaspirillum seropedicae Averages followed by 

lowercase letters refers to columns and averages with capital letters referring to the rows. 
Source: Authors. 

 

In the present work, the species A. brasilense endophytic with preference for 

colonization in the rhizosphere, indicated improvements in root volume especially at pH 6.5, 

ideal for its development in the plants (Döbereiner et al., 1995). This response promotes greater 

root development with A. brasilense (Gitti et al., 2012), which in addition to root elongation 

promotes the development of secondary lateral roots, allowing greater association with 

beneficial microorganisms and greater absorption of water and nutrients (Dimpka et al. 2009) 

For root dry matter mass, treatments with higher volumes remained higher, related to 

the positive correlation between these variables. The plants irrigated with solution of pH 5.5 

obtained superiority in the inoculation of A. brasilense in relation to the witness, but with an 

average similar to the other treatments of inoculation. There was also no significant difference 

when inoculated with A. brasilense and H. seropedicae. 

The witness treatment and the inoculation of H. seropedicae showed higher averages at 

pH 4.5, differing significantly from 5.5 and 6.5, respectively. These results can be related to the 

lower energy expenditure in these conditions, since in pH 4.5 there was a greater development 

of the root system, as well as for the inoculation with A. brasilense, in a way that reduced the 

accumulation of dry matter, since the activity Metabolic system of the root system was directed 

to the initial development of the seedlings and not to the accumulation of dry matter mass. 

In the present study, it is possible to observe the increase in the dry mass of roots in the 

initial stages of crops in different crops, such as soybeans (Cássan et al., 2009; Bulegon et al., 

2014), beans (Costa et al., 2013), And wheat (Dartora et al., 2013, Lemos et al., 2013), due to 

the growth promotion provided by A. brasilense. 
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4. Considerações Finais 

 

There is a longer root length at pH 4.5 in relation to pH 5.5 and 6.5, regardless of the 

use or not of A. brasilense and H. seropedicae. 

The inoculation with Azospirillum brasilense promotes an increase in the stem diameter 

independent of pH and raises the root volume when submitted to pH 6.5, isolated or associated 

with H. seropedicae. 

Irrigation with solution pH 4.5 and inoculation of A. brasilense isolated or associated to 

H. seropedicae promoted longer roots, increasing its contact surface with the substrate. 
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