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Abstract 

The rhizosphere is the region that has direct influence from the roots. This is the place where 

most of the interactions between microorganisms and plants occur. Studies involving the 

ecology of microbial communities from the rhizosphere became more frequent after the first 

reports of biological interactions of microorganisms with plants that influence physically and 

chemically modify the soil surrounding. According to these hypotheses, the rhizosphere 

mycobiota provides the development of plants through various mechanisms, direct and 

indirect. Thus, the objective of this review was to explain the aspects that provide 
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characterizing these microorganisms as beneficial to plants in view of their applicability to 

agro-ecosystems. Therefore, it is stated that rhizospheric fungi have the solubilization of 

phosphorus (P), assimilating this nutrient for plants, promoting growth through the 

production or stimulation of the production of growth regulators such as 3-indole acetic acid, 

and control of phytopathogenic agents such as other filamentous fungi, and also 

phytonemamatodes. Therefore, it is possible to observe the importance of the constant 

observance of the action of these microorganisms in terms of their ecological role due to the 

agro-ecosystem. 

Keywords: filamentous fungi, biological control, plant growth promoters, phosphorus 

solubilizing, phytohormones, ecological interactions 

1. Introduction 

The rhizosphere is the region of the soil that has direct influence from the roots due to its 

proximity to this plant organ. This is the place where most of the interactions between 

microorganisms and plants occur (Philippot et al., 2013), mutualistic or not. Thus, it is 

considered that this region is essential for the ecosystem due to the fact that there is a large 

flow of energy, having a strong impact on the functioning of the biosphere and other 

ecosystems (Berg et al., 2009). 

Studies involving the ecology of microbial communities inhabiting the rhizosphere became 

more frequent after the first reports of biological interactions of microorganisms with plants 

(Kavamura & Esposito, 2009). These physically and chemically modify the soil surrounding 

the roots through gas exchange, changes in the concentration of nutrients, production of 

secondary metabolites, changes in pH, among other factors. 

Given this importance, it is essential to understand the biological processes that occur in the 

rhizosphere, in view of the environmental impacts they cause, since the soil is understood as 

a living compartment and that houses an infinite number of organisms (Silva et al., 2019 ), 

which have desirable characteristics for application in agricultural management, especially 

with regard to the growth of plants, since the microorganisms that inhabit the soil and the 

rhizosphere have several features that provide plant growth, in addition to their close affinity 

with the plants. 

Beneficial microorganisms such as actinomycetes, common bacteria and filamentous fungi 

have been studied for agricultural development, making it possible to use their functions to 

develop processes. The action of the soil microbiota provides benefits such as biological N 

fixation, phosphate solubilization and biological control of phytopathogens and agricultural 

pests, which has already been demonstrated in previous studies (Yuan et al., 2010; Silva et al., 

2017; Vivas et al., 2018). In this sense, this systematic review sought to address the main 

mechanisms for promoting plant growth through the action of soil and/or rhizospheric fungi. 

Thus, the objective of this systematic review is to approach the mechanisms of growth 

promotion in plants grown by means of rhizospheric fungi, making a connection between the 

mechanisms, how they occur and how they are interconnected in the synbiotic processes of 

growth promotion in plants, especially with regard to plant health. 
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2. Rhizospheric Fungi and Functionalities to Plant Growth Promotion 

Soil microorganisms are responsible for the degradation of different elements of soil organic 

matter, transformed into a variety of biomolecules and secondary metabolites, released via 

the action of various enzymes (Tortella et al., 2008). These compounds and biomolecules are 

appreciated in terms of assimilation by plants, which, when going through the cycling process, 

act as biofertilizers or can indirectly contribute to the performance of biota stability, 

metabolism, health and soil diversity.  

Naturally, plants are colonized by numerous microorganisms, establishing various forms of 

symbiotic associations. These associations comprise the various mechanisms that make it 

possible to name these microorganisms as Plant Growth Promoters. Thus, among the most 

commonly known characteristics in agriculture we can mention the phosphate solubilization 

(Silva et al., 2015; Silva et al, 2019), production of hormones or plant growth regulators 

(Oliveira et al., 2018) and control of phytopathogens (Silva et al., 2017), which can act 

through various mechanisms (direct and indirect). 

Recently, the association between wild rice species with diazotrophic bacteria (Zhang et al., 

2008) and endophytic fungi "dark septate" (DSEF) (Yuan et al., 2010) has been reported. 

Some authors have suggested that DSEF have the ability to establish mutual associations with 

host plants, as they act as promoters of plant growth and, mainly, facilitate the absorption of 

phosphorus and nitrogen (Chen et al., 2010).  

It has also been observed that these fungi can coexist with mycorrhizal fungi and produce 

metabolites capable of increasing the germination, growth and branching of hyphae of these 

fungi, benefiting the host plant indirectly (Scervino et al., 2009). This coexistence is an 

important factor, since, in the absence of competition between beneficial microorganisms in 

the soil, the greater the chances of promoting a better balance in the soil microbiota, favoring 

plant development. Unlike arbuscular mycorrhizal fungi, DSEF are not mandatory biotrophic 

fungi, which facilitates their cultivation in culture medium and the development of inoculants 

aimed at promoting plant growth, which is a favorable characteristic for a plant 

growth-promoting fungus. 

Some strains of Trichoderma sp. (Silva et al., 2017) they have been widely studied because 

they increase the total surface of the root system, allowing a greater access to the mineral 

elements present in it. Others are capable of solubilizing and making available to the plant 

rock phosphate, iron, copper, manganese and zinc (Oliveira et al., 2012). They can also 

improve the active mechanisms of absorption of copper, phosphorus, iron, manganese, 

sodium, cobalt, cadmium, chromium, nickel, lead, vanadium, magnesium, boron, zinc and 

aluminum; as well as increasing the efficiency of the plant to use some important nutrients, 

such as nitrogen. 

The inoculation of microorganisms, combined or not with other beneficial soil 

microorganisms, can increase plant development (Silva Filho & Vidor, 2000; Narloch et al., 

2002), which can be induced directly, by the production of growth hormones, or indirectly, by 

the modification of the rhizosphere microbiota. The latter is considered one of the main 
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mechanisms of action, due to the suppression of harmful microorganisms (Melo & Azevedo, 

1998). 

2.1 Phosphate Solubilization 

Despite being abundant in soils, both in organic and inorganic form, phosphorus (P) is the 

second nutrient limiting plant growth, after Nitrogen (N). The low availability of this nutrient, 

especially in acidic soil conditions in tropical and subtropical regions, is considered one of 

the limiting factors for agricultural production. These characteristic stimulate the high 

applications of phosphate fertilizers, however the plants do not have the capacity to assimilate 

these applied concentrations, being a large part of this P lost by leaching. 

This element is one of the main macronutrients essential for plant growth and development 

due to its performance in metabolic processes (Rocha et al., 2007). In general, Brazilian soils 

naturally have a low total phosphorus content and very low phosphorus content available to 

plants. Of the phosphorus added to the soil through chemical fertilizers, up to 25% is used by 

the plants. These fertilizations are carried out mainly with water-soluble phosphates, reaching 

phosphorus dosages much higher than the needs of the crops, since most of the added 

becomes unavailable to plants (Braga, 2006). This unavailability due to losses characterizes a 

financial loss for producers, as well as a risk of contamination of groundwater, thus making it 

necessary to use strategies that can mitigate this scenario. 

Phosphate solubilizing microorganisms are those that have the ability to secrete organic acids, 

and/or phosphatases that facilitate the conversion of insoluble forms of phosphorus (P) 

(Figure 1) to forms available to plants (Moreira & Araújo, 2013). In the soil P cycle, 

microorganisms are important factors, where organic P can be released through 

mineralization and inorganic P through hydrolysis of monoesters by alkaline and acid 

phosphomonoesterase. Plants release only acid phosphomonoesterase, while microorganisms 

can produce acid and alkaline. As a result, microorganisms demonstrate greater involvement 

in the P cycle, contributing to greater plant nutrition (Cui et al., 2015). 

 

 

 

 

 

Figure 1. P solubilization. Higher yellow color indicates higher solubilization index by the 

microorganism. Adapted from Montaldo (2016) 

These microorganisms play an important role in the supply of P to plants and their solubilizing 

action has been associated mainly with the production of organic acids (Barroso & Nahas, 2008; 

Alves & Silva Filho, 2009). In the soil, the P-solubilizing microorganisms contribute to 

increase the concentration of this element in the soil solution, making it able to be absorbed 

directly by the roots or by the fungi hyphae in symbiosis (Moreira & Siqueira, 2006). 
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Phosphorus is adsorbed to soil colloids or transformed into poorly soluble iron and aluminum 

compounds for plants. That is why fertilizer formulations are represented by high levels of P. 

With this, greater amounts of P are added to the soil so that the plant can use 25%, which 

translates into a low efficiency of phosphate fertilizers. In this sense, soil microorganisms 

have a transcendent role in phosphorus mineralization and solubilization. The organic forms 

of P are mineralized by the microorganisms producing phosphatase enzymes (Braga, 2006). 

Organic P is transformed into soluble P by the action of phosphatases, enzymes that catalyze 

the hydrolysis of phosphate esters, releasing soluble phosphate. Phosphatases are secreted by 

plant roots and soil microorganisms (Nahas et al., 1994). This enzyme, when in the plant 

environment, can be constitutive or induced by external factors such as deficiency of 

inorganic phosphorus or difficulty in absorbing phosphorus in conditions of lack of water.  

The activity of acid phosphatase has a significant correlation with inorganic phosphorus. The 

concentration of inorganic phosphorus in the plant tissue is a parameter of efficiency in the 

use of phosphorus. The lower the content of inorganic phosphorus in the tissue, the greater 

the activity of acid phosphatase in the mechanism of phosphorus use by plants. 

The inoculation of phosphate solubilizing microorganisms in the soil has been suggested as 

an alternative to replace or decrease the use of soluble phosphate fertilizers, by making better 

use of the natural phosphates (Vessey, 2003) existing or added to the soil and those formed by 

the application of sources soluble, to increase the concentration of soluble phosphorus in the 

rhizosphere and to promote plant nutrition with phosphorus (Peix et al., 2001; Gyaneshwar et 

al., 2002). Thus, it can be understood that this is one of the alternatives for sustainable 

management of agro-ecosystems. 

2.2 Plant Growth Regulators Production 

Plant growth-promoting fungi benefit plants through direct mechanisms (phytohormone 

production, reduction of ethylene levels in the soil, phosphate solubilization) and indirect 

mechanisms, which include biocontrol mechanisms, production of antibiotics, induction of 

systemic resistance, among others, showing, diversified mechanisms which can be applied in 

agriculture (Oliveira et al., 2012; Aguado-Santacruz et al., 2012; Moreira & Araújo, 2013). 

Phytohormones or plant hormones are understood as chemical substances that in low 

concentrations promote the growth of plants, influencing their growth, development and 

cellular differentiation of tissues (Spaepen et al., 2009). They are signaling molecules that 

regulate many plant development processes (Fitze et al., 2005) are organic compounds, which 

are naturally produced in some part of the plant and at some point in its phenology, 

transported to another, which ends in physiological responses specific ones, and there are also 

those who act in the very place where they are produced. 

Due to the ability to stimulate or inhibit the growth of plants, they are also called plant 

growth regulators. Five main groups of phytohormones are recognized: auxins, gibberellins, 

ethylene, cytokinins and abscisic acid (Egamberdieva et al., 2017). These phytohormones or 

phytoregulators are also fundamental in the processes of colonization of the root system 

towards symbiotic processes. 
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Auxins are compounds that stimulate growth, with 3-indolacetic acid (IAA) being the main 

auxin found in plants, which is produced in the apical meristem of the stem, young leaves, 

flowers, developing fruits and seeds, being also found in roots. Its transport occurs 

unidirectionally, through phloem and parenchymal cells that circulate vascular tissues (Raven 

et al., 2005). These phytohormones are responsible for plant elongation and cell 

differentiation, being the most prospected due to the microorganisms that promote plant 

growth. Some of these microorganisms are able to stimulate the growth of plants by reducing 

the levels of ethylene in them, through the action of the enzyme 

1-aminocyclopropane-1-carboxylate (ACC) deaminase, decreasing the production of ethylene 

in the roots of host plants, which results in the elongation of this plant organ (Figure 2). 

Figure 2. Biosynthesis of 3-indole-acetic acid using the precursor L-tryptophan 

The promotion of root growth is one of the beneficial effects of microorganisms that promote 

plant growth, as the rapid establishment of lateral and adventitious roots is an advantageous 

feature for plants, increasing the ability to attach to the soil and obtain water and nutrients 

from the plant. environment (Moreira & Araújo, 2013; Silva et al., 2015). In addition, fungi 

have the ability to act as "extensions" of plant roots, which fosters the skills previously 

mentioned. 

Kaldorf and Ludwig-Müller (2000) observed that plants colonized by Arbuscular Mycorrhizal 

Fungi (AMFs) showed an increase in the biosynthesis and in the concentration of free 

idol-3-butyric acid (IBA) in their roots, at the same time that they present a significant 

increase on its side branch. According to the same authors, the increase in IBA percentages is 

related to the increase in plant-AMF interaction. According to Ludwig-Müller (2000), 

although the synthesis of phytohormones in plants colonized by AMFs is still poorly studied, 

there is evidence that the hormonal exchange between AMFs and host plants exists. 

The amino acid L-tryptophan, functions as a physiological precursor in the biosynthesis of 

auxins in plants and microorganisms (Khalid et al., 2004). In the biosynthesis of 

Trp-independent AIA, glycerol-3-indole phosphate or indole is probably the precursor, 

however little is known about the biochemical pathway for IAA (Zhang et al., 2008). In the 

biosynthesis of Trp-dependent IAA, several pathways have been proposed: (i) 

Indol-3-Acetamide (IAM) pathway; (ii) Indole-3-30-Pyruvic Acid (IPA) route; (iii) 

tryptamine route (TAM) and (iv) indole route 3-Acetaldoxima (IAOX) (Normanly, 2010; 

Zhao, 2010). 
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2.3 Biological Mechanisms Against Phytopathogenic Agents 

The suppression of diseases by beneficial microorganisms in the rhizosphere can occur 

through several mechanisms of action, such as: antagonism related to the production of 

antibiotics, antifungals, competition for space and nutrients with phytopathogens and other 

microorganisms harmful to the rhizosphere and resistance induction in plants (Moreira & 

Araújo, 2013) (Figure 3). 

 

Figure 3. Graphical representation of the symbiotic relationship between fungi and plants 

against phytopathogenic agents 

Considering biocontrol, there are several mechanisms of action used by these fungi, among 

which are the production of metabolites and enzymes with antifungal properties, 

hyperparasitism and competition for nutrients (Verma et al. 2007). These characters give 

these organisms a prominent place in research related to the biocontrol of plant diseases 

caused by fungi. 

Biological control is characterized as a way of using microorganisms in order to limit the 

action of pathogens in the environment and/or increase the host's resistance to attack by these 

harmful agents (Morandi & Bettiol, 2009). Thus, it is imperative to affirm the need for 

prospecting microorganisms not only based on their biological functions, but also to observe 

the relationships with the host and the environment.  

Biological disease control is defined by the interaction between host, pathogen and some 

non-pathogens inhabiting the infection site. It can still be defined by the suppression of 

populations of plant pathogens by living organisms (Heimpel & Mills, 2017), which play an 

important ecological role in the agricultural environment. 

In this perspective of a model of extensive agriculture worldwide disseminated and seeking to 

meet the need for the production of commodities and food for the population, biological 
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control turned out to be an area of studies involving different areas such as ecology, 

biosystematics, behavior, physiology and genetics, with the objective of subsidizing 

knowledge and acting not only in the microclimate in which the population is inserted, but 

also in the balance of the entire biological community of the soil (Cook & Baker, 1983). 

In order to apply biocontrol or biological control in plant diseases, we look for free-living 

microorganisms, or colonizers of plant surfaces and hyperparasites, fungi that parasitize other 

fungi (Silva et al., 2017) or, still, colonizers of internal plant tissues, which are called 

endophytes or edophytes. 

Such biocontrol agents can act by several direct mechanisms of action such as competition, 

parasitism and direct antibiosis, or indirect mechanisms such as promoting plant growth and 

inducing resistance, being mechanisms that always act in parallel. There are reports in the 

specialized literature of a diversity of microorganisms, mainly fungi and bacteria, used to 

control phytopathogenic fungi (Pal & Gardener, 2006; Morandi & Bettiol, 2009; Silva et al., 

2019). 

The introduction of the biological control technique in the management of diseases in 

cultivated plants has been studied and applied for years, in order to reduce the uncontrolled 

use of chemical products, reducing their harmful and harmful effects on the environment, 

man and animals, as well as the cost reduction in the production of the crops of interest and 

benefiting the health of man and animals (Grigoleti Júnior et al., 2000). Thus, it is possible to 

affirm that the application of biological control techniques, especially with integrated pest 

management (IPM) is an alternative as a clean technology for agricultural production and 

food production. 

The success in the use of antagonistic organisms in the control of plant diseases is related to 

the knowledge of the ecology and physiology of pathogen and antagonist. Therefore, it is 

necessary to know what is the resistance level supported by the antagonist, how is its 

behavior and growth in different substrates, what is its resistance to chemical products and 

how is the relationship between pathogen, host and the environment in which they are 

inserted (soil, plant, atmosphere, among others). 

However, most of the studies carried out on the application of fungi in the biological control 

of plant diseases caused by fungi have been directed to the genus Trichoderma, due to the 

fact that it has notoriety for decades about its skills as a biocontroller as well as the greater 

ease of use. registration of products obtained through their lineages. However, it is necessary 

to study other species with potential antagonists against phytopathogens. In this sense, Vivas 

et al. (2018) demonstrates in his study the potential application of other species of 

filamentous fungi in the control of phytopathogenic fungi, highlighting the genera 

Acremonium and Sarocladium. As Köhl et al. (2019) that studying antagonistic candidates 

talk about the genera Aspergillus and Cladosporium, which demonstrates that the species 

should be studied further, especially when it comes to the production of potentially inhibitory 

metabolites to phytopathogenic fungi. It is also worth noting that rhizospheric fungi have 

action against other organisms harmful to plants such as nematodes and bacteria. 
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In addition, it is important to highlight the role of these microorganisms in the control of 

phytopathogenic nematodes, as shown by Barbosa et al. (2019) that the fungus Pochonia 

chlamydopsporia can be used in the culture of bananas in the control of the gall nematode as 

well as improving the development of the plants, since this fungus has affinity with the root 

system. 

In addition to promoting efficient control of nematodes, when in their absence, P. 

chlamydosporia is able to survive in the rhizosphere of many plants and to use organic matter 

as an additional source of nutrients (Coutinho et al., 2009), which means that is a desirable 

feature for field application. Furthermore, it is an optional parasite of eggs of gall and cyst 

nematodes and its infectious process involves the production of enzymes that remove the 

protein membrane from the egg, exposing the underlying chitin layer (Morton et al., 2003). 

The species Arthrobotrys oligospora Fresen forms a typical network of adhesive traps, 

formed by an agglomeration of innumerable rings with three cells (Nordbring-Hertz, 2004), 

which provides for the nematodes imprisonment preventing their mobility, consequently 

affecting their development. These traps can be formed immediately after the germination of 

Arthrobotrys spp. conidia (Hahn et al., 2018). 

Beauveria bassiana (Bals. Criv., 1836) Vuill. it is known to be used in the biological control 

of insects, as it is an entomophagous fungus that inhabits the soil and is commonly associated 

with entomophagy in coleopterans of agricultural interest, such as Rhynchophorus palmarum 

(Lima et al., 2020). However, the effect of this fungus on nematodes is due to the synthesis of 

numerous toxins (Liu et al., 2008), which are secondary metabolites produced by these fungi 

and which act on the insect's olfactory system. 

Even when it comes to entomopathogenic species inhabiting the soil and rhizosphere, fungi of 

the genus Metarhizium are generally used to control insect pests, however, isolates of 

Metarhizium have the potential to control gall nematodes (Sun et al., 2006). Thus, this 

information shows the importance of using biocontrollers in the IPM due to its breadth of 

action for the benefit of plant health. 

From this perspective and with the hypotheses raised through the scientific evidence explained 

here, it is possible to infer the importance of studies related to rhizospheric fungi as to their 

importance in agricultural management, especially due to the ecological relationships existing 

between these microorganisms and the plants cultivated through their mechanisms of action 

such as plant growth promoters and resistance inducers in plants. 

3. Final Considerations 

The theories and discussions outlined here as a systematic review are a contribution to 

understanding the ways in which fungi are an extremely important group of organisms for the 

development of agroecosystems and ecological balance for plant populations, especially those 

found in environments considered extreme or that have undergone natural or anthropogenic 

degradation processes. 

This approach becomes important because the majority of the review works are directed to 
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only one of the study areas of growth-promoting fungi, and it is not presented in a joint and 

complementary way, as most of the research is focused on bacteria, rhizobacteria. or 

endophytic fungi. 
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