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Abstract
The interactions that control the microorganism-soil-plant system are complex and difficult to understand. Currently, 
the knowledge about these interactions has allowed us to know a range of beneficial microorganisms and use them as 
sustainable agricultural production techniques. In addition to improving the anatomy of plants, these microorganisms 
can increase the tolerance of plants against attack by pathogens and abiotic stresses, such as drought stress, a good 
example is the bacterium Azospirillum brasilense. Inoculation with this bacterium has been identified as a low-cost 
biotechnological technique to improve crop productivity.
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Introduction
In recent years, there has been a great advance in 

knowledge about the composition of soil microbiomes 
and their dynamics. There is evidence that plants shape 
the structures of the microbiome, most probable by root 
exudates, and also that the microbiota has developed 
several adaptations to establish in the rhizospheric niche 
[1]. Thus, it can be said that plants and microorganisms 
evolved simultaneously. Beneficial interactions between 
plants and microorganisms are classified by commensalism, 
mutualism and symbiosis. Commensalism is a unidirectional 
interaction between microorganisms, in which one 
population is benefited and the other is not affected. 
Mutualism is an interaction in which mutual benefits occur, 
as in the interaction between plants and bacteria of the 
genus Azospirillum. In the case of symbiosis, there are also 
mutual benefits, but the association is mandatory, due to a 
symbiosis between the microorganism and the host plant 
[2].

One of the main benefits of ecological interactions 
refers to the availability of nutrients, especially by biological 
nitrogen fixation (BNF). An example are the bacteria of the 
genus Bradyrhizobium, which, when they come into contact 
with the root system, cause infection in the roots with the 
formation of nodules, enabling the absorption of nitrogen 

by the plant [3]. Another important effect observed in the 
interactions is in the growth and anatomy of the plants. 
The literature widely reports the benefits of plant growth-
promoting rhizobacteria (PGPRs).

In addition, there is evidence that this association 
promotes tolerance to abiotic stresses in plants, in this 
context the genus Azospirillum shows good results [4]. Thus, 
the study of ecological relationships and their effects on the 
development of plants has made it possible, over time, to 
isolate organisms of agricultural interest. However, many 
mechanisms that govern these interactions are unknown.

Plant Growth-Promoting Rhizobacteria (PGPR): 
Azospirillum brasilense

In their natural environment, plants are part of a rich 
ecosystem, which includes many microorganisms in the soil 
and covers a range of ecological possibilities. The different 
groups of microorganisms present in the soil play important 
roles, which can positively or negatively influence the 
development of plants and the interactions established by 
them [5]. Among them, bacteria represent approximately 
95% of the all microbiota present in the environment, 
being found in greater numbers in the rhizosphere of plants 
[6]. Among the bacteria found in the soil, rhizobacteria 
have great potential in agriculture. These organisms are 
free-living and can be found colonizing the roots and / or 
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internal tissue of plants, exercising symbiotic, endophytic or 
associative relationships [6].

These bacteria, when associated with plants, have 
the ability to promote their growth, this occurs in two 
ways. Directly, facilitating the acquisition of resources or 
modulating the levels of plant hormones, or indirectly, 
decreasing the inhibitory effects of pathogens on the plant, 
acting as a biocontrol. The production of phytohormones is 
one of the main mechanisms to explain the beneficial effects 
of PGPRs. The synthesis of phytohormones such as auxins 
[7], cytokinins [8], gibberellins [9] and abscisic acid [10], 
acts in the development of plants under specific conditions. 
Among the auxins, indole-3-acetic acid (IAA) is cited as the 
compound produced in greater quantity by PGPRs. It is 
important to note that the synthesis of phytohormones in 
bacteria depends on the presence of precursors in the root 
exudates in a complex feedback relationship.

The mechanisms by which PGPRs influence plant 
growth can also differ between species and strains of the 
microorganism. Factors such as plant species, soil type and 
environmental conditions are also determinant variables 
in the success of colonization and interaction between 
organisms. Another important aspect is that PGPRs can act 
as protection against abiotic stresses in plants [11]. This 
mechanism would be related to the substantial increase in 
the root area, which improves the efficiency in the removal 
of water and nutrients by the plants.

The application of these microorganisms in agriculture 
as a sustainable practice is already a reality in many 
countries. This type of biotechnology represents an 
important strategy to mitigate adverse effects from the use 
of chemical fertilizers. One of the main species of interest is 
Azospirillum brasilense. The Azospirillum genus comprises 
plant growth promoting bacteria, which have been widely 
studied. Currently, twenty species have already been 
described, with Azospirillum brasilense being the one with 
the highest number in genetic and physiological studies 
[12].

Azospirillum brasilense is a free-living, gram negative and 
diazotrophic bacterium that can colonize the rhizosphere 
and internal tissues of plants. For a long time, the benefits 
attributed to inoculation with this bacterium were 
recognized only by its ability to fix atmospheric nitrogen. 
However more recent studies have observed that only a 
fraction of this nitrogen was transferred to the plant [13]. 
Other benefits have been described over time, such as the 
synthesis of phytohormones [14], phosphate solubilization 
[15] protection against pathogens [16] and reduced effects 

of abiotic stress [17], all of which are directly or indirectly 
related to plant growth.

The bacterium has many mechanisms to promote plant 
growth, [13] proposed the “theory of multiple mechanisms” 
in which the bacteria acts in a cumulative way or sequential 
pattern of effects, resulting from mechanisms that occur 
simultaneously or consecutively [13]. Phytohormone 
synthesis is perhaps the most important mechanism, 
as it coordinates various physiological and biochemical 
processes in the plant. The response observed in the 
growth of plants inoculated with Azospirillum brasilense 
was mainly attributed to the activity of indole-3-acetic acid 
(IAA) in the root system [14]. IAA has been described as the 
phytohormone produced in greater quantity by Azospirillum 
brasilense and its synthesis has a high degree of similarity 
with plant biosynthesis [18]. In addition, it was observed 
that these bacteria can induce the synthesis of hormones 
by the plant, more increasing the concentration of these 
compounds in the medium [13].

The most significant results of the interaction with 
Azospirillum brasilense were observed when changing the 
root architecture. Inoculation can promote root elongation 
[19,20], development of lateral and adventitious roots 
[21,22] and root hair [23]. It is generally accepted that these 
developmental responses in root morphology are activated 
by phytohormones. Changes in root morphology are closely 
related to tolerance to abiotic stresses, such as low water 
availability. This mechanism has already been observed in 
many studies [17,24,25] that proved that plants inoculated 
with Azospirillum brasilense have greater drought tolerance.

Anyway, it is uncertain to say that drought tolerance is 
related only to changes in the root. Using the “theory of 
multiple mechanisms” it can be said that other factors are 
involved in this process. Studies conducted by [17] and [26], 
attributed drought tolerance mainly to the increase in the 
synthesis of the abcysic acid hormone (ABA) by Azospirillum 
brasilense. ABA is known to be an important signal in cases 
of water stress.

Although there is evidence of increased phytohormone 
production in plants inoculated with Azospirillum brasilense, 
it is important to note that the results do not always reflect 
increased productivity [27]. In addition, divers studies 
have shown no correlation between the capacity for 
phytohormone synthesis by Azospirillum brasilense and the 
effects on root growth [28]. Therefore, it is necessary that 
studies continue seeking information on the mechanisms 
of interaction between the bacteria and its effects on plant 
growth and development.
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Conclusion
The use of PGPRs in agriculture represents an advance in 

management techniques, bacteria of the genus Azospirillum 
are recognized to be beneficial to plants, however, it is 
necessary to understand the multifactorial mechanisms of 
interaction, so that the technique is better understood and 
improved.
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