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ABSTRACT: The multispecies community 
drives the complex microbial process 
in the soil-plant system. Lessons from 
the environment suggest that microbial 
consortia have several advantages over 
single microbial strain-based products for 
sustainable agriculture. Due to physical 
and metabolic cooperation, proper synthetic 
microbial communities are potentially more 
efficient and stable in maintaining specific 
microbial processes. The mutualistic 
interaction that occurs in a stable microbial 
consortium has shown adaptative 
advantages compared to a single microbial 
application that results in better resilience 
under biotic and abiotic fluctuation and 

environmental disturbances, promoting 
benefits to the soil-plant system and plant 
growth by diverse mechanisms, such as 
bioavailability of nutrients or decomposition 
of organic waste. Representing a promising 
biotechnological advance, the use of 
microbial consortia is complex. It requires an 
integration of different areas, methodological 
approaches, and techniques for 
understanding the interaction elements and 
their development and efficient application 
in the field. Microbial consortia in agriculture 
correspond to a sustainable alternative 
to conventional practices, ensuring the 
productivity of crops and gains in terms 
of economy and ecology, fundamental for 
future agriculture. The present work aimed 
to present relevant concepts and information 
about biochemical mechanisms involved 
in microbial compatibility and synergy, 
methods of formulating microbial consortia, 
and proposals for use for environmentally 
sustainable and productive agriculture.
KEYWORDS: Microbial communities, 
microbial ecology, green agriculture, 
biological inputs.



Perspectivas futuras para as Ciências Agrárias: desafios e inovações Capítulo 4 38

INTRODUCTION
Since the green revolution in the early 1970s, chemical fertilizers and pesticides 

in agriculture have increased considerably (Naik et al., 2019). In addition, the continuous 
population growth exerted intense pressure on agriculture to maintain such practices to 
meet market demands since the use of these agrochemicals resulted in considerable 
increases in agricultural productivity (Gupta, Bisaria, and Sharma 2015). However, sanitary, 
environmental, economic, and agricultural factors have demonstrated the infeasibility of 
using conventional methods, and the search for conciliatory agriculture between production 
and sustainability is increasing (Struik and Kuyper 2017; Valenzuela 2016; Weekley, 
Gabbard, and Nowak 2012). That is where biological inputs for agriculture arise.

The design and development of bio-based technologies convert natural processes in 
the soil-plant system into bio-input technologies (Sousa and Olivares 2016). However, when 
studied under laboratory conditions from tests with microorganisms in pure culture, some 
of these natural processes have unsatisfactory results, with methodological and efficiency 
limitations (Guo et al., 2011). In contrast, studies that address microbial communities 
characterized by the coexistence of different populations of microorganisms in each habitat 
and are imitated through synthetic microbial consortia are a way to overcome the limitations 
of individual microbes (Hays et al., 2017).

Despite advances in technologies and analysis methods, cultivation and laboratory 
approaches differ from microorganisms behavior in their natural habitats, grouped in complex 
communities (Stocker, 2012; Agapakis et al., 2012). The concept of manipulating microbial 
communities for consortia’s artificial selection based on different microbial strains may 
increase tolerances to the overall conditions to which one intends to insert them (Lee, Show, 
and Wang, 2013). In this way, microbial consortia can reduce the metabolic load on a single 
species, optimizing processes and reducing cellular energy demand. From the presentation 
of the theme and its context, this review addresses microbial consortia and relevant aspects 
of technology and methodologies and their applications for more sustainable agriculture.

Characterization of microbial consortiums
The use of microorganisms in agriculture is vast, and its benefits are diverse. 

Therefore, many approaches focus on maximizing the use of these microorganisms by 
optimizing beneficial characteristics. Studies with genetically modified microorganisms, for 
example, provide promising results. Still, in addition to not being an ecological approach, 
improving a desirable feature in a microorganism can result from the limitation of another 
element necessary for its development (Scott and Harsty, 2016). In this context, microbial 
consortia and their wide applications arise.

Microbial communities and their artificial representation, the microbial consortia, 
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correspond to complex conglomerates that coexist in a habitat with strains with different 
physiological attributes (Lee, Show, and Wang, 2013). These microbial arrangements are 
widely distributed in nature, colonizing the most diverse environments, and correspond 
to a more promising and reliable environmental strategy than pure cultures (Jain et al., 
2013; Gupta and Kumar, 2016). Furthermore, the spatial arrangement of these consortia 
corresponds to sites of constant competition and cooperation relationships, and these 
relationships are responsible for the specification and dynamics of the ecosystem (Kong et 
al., 2018). 

Besides the relationship between microorganisms in agriculture, it is necessary 
to consider the plant and its rhizosphere as microbial habitats. In this habitat, several 
connections are established. The plant can directly reflect these relationships, modulating 
how microbial communities, mainly in the root and rhizosphere, are considered a hotspot 
of microbial interactions (Li et al., 2016). Some examples of existing relationships between 
microorganisms in the soil and the rhizosphere are shown in figure 1.

Figure 1. Different microbial relationships that occur in the rhizosphere: (a) microorganisms with high 
compatibility with the plant; (b) antagonistic relationships between varied species of microorganisms, 
not developing closely together; (c) species compatible and convoluted with the plant, existing only 

when associated with the plant; (d) microbial species that have high compatibility with each other; (e) 
non-rhizospheric microbial compatible species.

As observed in the image above, some microbial species co-evolved with plants and 
appear to be closely related to their respective host, growing in the region of influence of the 
root, the rhizosphere, or even directly associated with the rhizoplane, while in some cases, 
the plants produce metabolites that inhibit the growth of certain groups of microorganisms 
(Berg and Smalla, 2009). Also, in the soil, inhibition relationships between species with 
similar ecological niches (antagonism) and mutualistic relationships can occur, where 
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species develop in the same habitat and benefit from this interaction (Stamford et al., (2005).
According to Jial et al. (2016), the main advantages of microbial consortia are 

the division of complex tasks, greater adaptability, and stability to the dynamism of 
environmental conditions. Furthermore, the multispecificity of microbial communities results 
in horizontal gene transfer, which in addition to altering the environment, influences the 
growth and development patterns of microbial populations (Hays et al., 2017). Therefore, 
the observance of the constancy of these relationships in their natural environments and 
agrosystems can make the consortia that may be developed more phenotypically complex 
and more adapted to environmental fluctuations compared to what is provided by microbial 
cultures while isolated (Alnahhas et al., 2020; Hays et al., 2017).

In addition to microbial interactions and their genetic variability, a spatial structure 
and availability of resources also exert selective pressure for efficient growth in their 
microbial assemblages. This selective pressure refers to the natural processes of changing 
the behavior and adaptability of microorganisms within the microbial system, spreading in 
more stable communities, whether in superficial microbial communities or even in dynamic 
soil-plant-microbe systems (Lee, Show, and Wang, 2013; Roller and Shmidt, 2015).

Despite the knowledge about the natural microbial consortia represented by 
microbial communities, more detailed studies on these interactions and interactions 
between microorganisms and their habitats, as well as their benefits, effective mechanism, 
and applications, are recent (Welbaum et al., 2004; Weekley et al. al., 2012). Thus, 
improving techniques for handling microbial consortia requires advances in methodological 
approaches and multidisciplinary integration of different areas.

Study methods for design and formulation of microbial consortiums
The manipulation of microorganisms for the composition of a microbial consortium 

comprises several steps, and several techniques can be used. First, assuming a more 
ecological bias and without genetic alteration, the cultivation techniques associated with 
tools such as omics allow the development of a consortium with natural microorganisms 
without compatible and synergistic modifications it executing their desirable ecophysiological 
roles. Two prospects can formulate a microbial consortium (Figure 2).



Perspectivas futuras para as Ciências Agrárias: desafios e inovações Capítulo 4 41

Figure 2. Steps for elaborating a microbial consortium consider two possibilities: (a) from the bottom 
up from isolation and cultivation; (b) and considering only refined techniques for understanding the 

consortia present in the biological sample.

Starting from good material related to the objective to be achieved, microorganisms 
can prospect, assessed in tests of biotechnological potential and their characteristics of 
compatibility or antagonism. Finally, they are identified and characterized, for example, 
concerning their metabolites and genes. Regarding direct use with omics, the total 
DNA is extracted, and the sequencing and metabolic and genomic characterization of 
microorganisms is carried out. Cultivable approaches are necessary to develop microbial 
consortia to manipulate and select microorganisms. Considering the need for a harmonious 
relationship between the strains involved, they must be confronted and present positive 
results; they are compatible and preferably synergistic concerning ecophysiological 
capacities. Therefore, techniques based on co-cultivation, or the “microbial antagonism and 
compatibility method,” should be used, as shown in Figure 3 (Bell, Weels and Markham, 
1982; Fuentes et al., 2016).

Figure 2. Scheme of antagonism and compatibility assays with different interactions. B1, B2, and 
B3: Generic bacteria; F1: Generic fungus. (a) Antagonism relationship; (b) Low compatibility; (c) High 

compatibility. 
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This method presents numerous possibilities for methodological adaptation and 
evaluation. Through this methodology, microorganisms of biotechnological interest are 
confronted and demonstrate characteristics of antagonism or interaction at diverse 
levels, facilitating their selection. Based on the interest of the experiment, it is possible 
to categorize microorganisms as antagonists (a) when there is no positive interaction 
between microorganisms involved or even inhibition, or as low (b) or high compatibility (c). 
The microbial compatibility and antagonism method allows confronting microorganisms to 
propose, for example, microbial consortia formulated based on a free-living N2-fixing bacteria 
and a rhizospheric fungus (AMF). In this way, once the synergism of the microorganisms 
involved has been proven, the microbial consortium would be able to promote nutritional 
improvements to the soil and the associated culture through biological nitrogen fixation 
through bacterial action and greater efficiency in the absorption of nutrients, such as 
phosphorus, through fungal action (Paula et al., 1992; Miyauchi et al., 2008; Zhu et al., 
2018).

Using consortia, it is necessary to understand the ecological, metabolic, and genetic 
aspects eliminated for further manipulation. Regarding microbial ecology, incompatibility 
between species can result in physiological or metabolic commitment. In this scenario, the 
integration of omics provides information on the mechanisms involved in the interaction 
and establishment of the consortia so that the natural attributes of the proposed consortia 
become stable and viable and their applications (Hays et al., 2017; Woo and Pepe, 2018) 
Greater detailing of microbial consortia considering sophisticated techniques can offer a 
different strategic view to increasing the persistence and activity of microorganisms (Li et al., 
2017). We highlight cross-feed and Quorum sensing among the possibilities of integrating 
omics, metabolomics, and genomics (Figure 4).

Figure 4. (a) Cross-feed: One cell produces metabolite A but does not create metabolite B. The 
second strain cannot produce metabolite A but makes B, benefiting each other and allowing survival. 
(b) Quorum sensing: Cells have an auto inductive molecule that increases at high cell concentrations, 
causing an increase in a responsive promoter, resulting in changes in gene expression. (Hays et al., 

2017- Adapted).
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In Cross-feed, a microorganism supplies another with a metabolite that it produces 
in excess while feeding on a metabolite that does not produce but is released by another 
organism present in the same microbial community (Hays et al., 2017). For example, in a 
co-cultivation study, Deveau et al. (2010) demonstrated that a Pseudomonas fluorescence 
bacterial strain produces thiamine. This water-soluble vitamin belongs to the B complex, 
enabling the development of the mycorrhizal fungus Laccaria, which in turn supplies the 
bacterium with trehalose disaccharide, produced and accumulated in its hyphae. 

As for quorum sensing (QS), it is a mechanism for the secretion of molecular (self-
inducing) signals, common in bacteria; through it, the microorganisms of a given habitat can 
detect the population density of the microbial community so that it is possible to coordinate 
the gene expression and affect its differentiation (Scott and Harsty, 2016; Stephens 
and Bentley, 2020). About quorum sensing and microbial consortia, Liu et al. (2021) 
investigated the hydrogen recovery from the action of microbial consortia on residues via 
electro-fermentation and pretreatment with free nitrous acid together with quorum sensing. 
According to the author, the distinct species showed synergistic relationships with biofilm 
formation and quorum sensing, resulting in higher yields in hydrogen recovery.

Still, conventional techniques with isolation of individuals allow for microbial 
prospecting, but omics provide different insights into the persistence and activity of 
microorganisms involved in consortia (Li et al., 2017). The integration of the two approaches 
makes it possible to understand the influence of environmental variations on the modulation 
and production of metabolites by microorganisms and how they react to these disturbances, 
expressing or repressing related genes, resulting in improved formulation and establishment 
of an efficient microbial consortium.

Applications in agriculture
The so-called plant growth promotion microorganisms (PGPM) are naturally 

endowed with many traits with extensive agricultural uses (Naik et a., 2019). The benefits 
of microbial action to soil and plants are widely described in the literature (Olivares et al., 
2017; Igiehon and Babalola, 2017; Khan, Pimentel et al., 20120; Bano and Curá, 2020). 
Among these, the decomposition of crop residues, biological nitrogen fixation, production 
of phytohormones, phosphorus solubilization, and optimization of the root system, among 
others, stand out. Some of the applications proposed in studies with microbial consortia in 
the last two decades are shown in Table 1.
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Microorganisms Involved Major Functions Reference

Pichia guilermondii and Bacillus mycoides
Biocontrol of pests and 
diseases

Guetsky et al., 
2001

Ceriporiopsis subvermispora, Cellulomonas sp. 
and Azospirillum brasilense

Lignocellulosic biomass 
deconstruction

Beary, Boopathy 
and Templet, 2002

Chryseobacterium sp., Comamonas sp. and 
others

Bioremediation of 
contaminated soils

Radianingtyas, 
Robinson and Bull, 
2003

Trichoderma reesei, Aspergillus niger and 
Saccharomyces cerevisiae 

Lignocellulosic biomass 
deconstruction Yang et al., 2004

Multispecific consortium formulated with many 
bacteria and fungi

Bioremediation of 
contaminated soils Viñas et al., 2005

Bacillus subtilis, Streptomyces sp. and 
Cellulomonas sp. 

Lignocellulosic biomass 
deconstruction

Guevara and 
Zambrano, 2006

Pseudomonas spp., Burkholderia sp., 
Flavobacterium sp. and Vibrio sp.

Bioremediation of 
contaminated soils

Murthy and 
Manonmani, 2007

Escherichia coli and Ochrobactrum sp.
Bioremediation of 
contaminated soils Zhang et al., 2008

Bacillus subtilis and Bacillus licheniformis Plant growth promotion Lim et al., 2009

Bacillus subtilis and Bacillus licheniformis  
Biocontrol of pests and 
diseases

Chung, Lim and 
Kim, 2010

Azospirillum sp., Azotobacter sp., 
Pseudomonas sp. and Bacillus sp. Plant growth promotion

Rajasekar and 
Elango, 2011

Pseudomonas aeruginosa, Trichoderma 
harzianum and Bacillus subtilis  

Biocontrol of pests and 
diseases Jain et al., 2012

Undefined microbial consortium
Lignocellulosic biomass 
deconstruction Hui et al., 2013

Pseudomonas aeruginosa, Bacillus cereus and 
Bacillus amyloliquefaciens  

Biocontrol of pests and 
diseases

Thakkar and Saraf, 
2014

Bacillus megaterium, Pseudomonas 
fluorescens and Trichoderma harzianum Plant growth promotion Gupta et al., 2015
Bacillus sp., Providencia sp. and Ochrobactrum 
sp.

Lignocellulosic biomass 
deconstruction

Poszytek et al., 
2016

Rhizobium sp. and Trichoderma sp.
Bioremediation of 
contaminated soils

Madariaga-
Navarrete et al., 
2017

Multispecific complex (Proteobacteria and other 
phyla)

Lignocellulosic biomass 
deconstruction Liang et al., 2018

Azotobacter sp., Rhizobium japonicum, 
Trichoderma harzianum and others

Stress relief and growth 
promotion    

Bradacová et al., 
2019

Planomicrobium chinense and Bacillus cereus
Stress relief and growth 
promotion    Khan et al., 2020

Rhizoglomus irregulare and Pseudomonas 
putida Plant growth promotion

Pacheco et al., 
2021

Halomonas aquamarina and Pseudomonas 
extremorientalis Plant growth promotion Devi et al., 2022
Azotobacter vinelandii, Bacillus 
amyloliquefaciens, Burkholderia ambifaria and 
others Plant growth promotion Hett et al., 2023
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Cellulomonas iranensis, Pseudomonas sp. Plant growth promotion Che et al., 2024

Table 1. Microorganisms and their applications in microbial consortia have been proposed in 
biotechnological studies for agriculture in the last two decades.

In the last two decades, the proposed use of consortia has grown with several 
applications for agriculture and the environment and industry. This advance is due to the 
need to implement ecological alternatives for crops and modern technologies to formulate 
inoculants. Microbial consortia formulations can be based on microorganisms from the 
same or different habitats. These combinations can improve their capabilities, enabling 
biotechnologies to benefit the soil and increase crop productivity (Weekley et al., 2012). 
In this way, attention is drawn to microbial communities as drivers for developing these 
microbial consortia.

Soil microbial communities, mainly represented by bacteria and fungi, live in an 
intimate and close relationship with the rhizosphere, providing several direct and indirect 
benefits to associated plants (Mondal et al., 2020). The approaches in the development 
of microbial consortia aim to obtain and insert the help of these microorganisms in a 
potentialized way through modified microbial consortia for bioprocesses, studies of projected 
micro-ecosystems, or in agrosystems (Alnahhas et., 2020). Some more specific examples 
of the performance of microbial consortia with effects on the growth promotion of plants and 
crops will be presented below.

Minerals solubilization
The mineral solubilization process takes place through the conversion of insoluble 

forms of these minerals into biologically assimilable soluble forms (Liu et al., 2016; Kalayu, 
2019). In this process, several recognized microorganisms are being declared as solubilizers, 
the so-called phosphate solubilizing microorganisms (PSM’s) and potassium solubilizing 
microorganisms (KSM’s) (Meena, Maurya and Verma, 2014; Kalayu, 2019). Although 
bacteria and fungi have this ability, most works on solubilizing microorganisms are based 
on the use of pure cultures, even though, in nature, the action of these microorganisms 
occurs during constant interaction processes. According to Xiao et al. (2020), in reports from 
their research group, they proposed microbial consortia, if possible, to solubilize phosphate 
sources more efficiently.

Although there are several ways to solubilize phosphate minerals, such as lowering 
the pH at the site of action and chelation of K-linked cations, for example (Meena et al., 
2014; Alori, Glick and Babalola, 2017; Soumare et al., 2019), several works describe the 
production of liquids as an efficient strategy in the bioavailability of minerals (Benbrik et al., 
2020). The production of organic acid, mainly malic acid, acetic acid, oxalic acid, citric acid, 
and gluconic acid, results in acidification of the microbial cell as well as its surroundings, 
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promoting mineral solubilization (Meena et al., 2014, Mukhtar et al., 2017; Mendoza-Arroyo 
et al., 2020). Considering the production of these acids, it is essential to consider that 
not all microorganisms can produce them, indicating that the combined use of different 
microorganisms becomes an exciting approach. According to a survey conducted by Meena 
et al. (2014), other acids are found in varied bacteria and fungi. Thus, greater enzymatic 
complexation would be provided by a multispecific microbial mix.

In an experiment comparing solubilization activity, Gupta and Kumar (2015) report 
greater efficiency in assimilation by microbial consortia than microorganisms evaluated 
alone, through the greater synergy provided by the microbial multispecificity involved. 
Several reports with comparable results are presented in a survey conducted by Behera 
et al. (2021), showing the application of consortia as a promising strategy. Common to the 
experiments mentioned here, the results are attributed to the physiological complementation 
provided by the released metabolites or even by establishing new synergistic microbial 
associations (Dipak and Sankar, 2015; Woo and Pepe, 2018).

Decomposition of cultural residues 
The performance of microbial consortia even in the natural environment can be 

evidenced in the breakdown of lignocellulose compounds. The decomposition of these 
highly recalcitrant residues requires the joint action of several enzymes that, in nature, are 
divided into distinct microbial groups, forming complex enzymatic associations (Gomes et 
al., 2017). In this process, fungi, essentially saprophytic organisms, act in the initial stage 
of putrefaction of the essential components of plants, such as lignocelluloses. Then the 
bacteria end the process by eating the digestible materials (Mondal et a., 2020).

Lignocellulose polymers have a complex and organized structural arrangement and 
are primarily composed of cellulose, a crystalline matrix of linear β-(1,4)-d-glucans which 
requires different enzymatic groups for its breakdown (Moreira et al., 2011; Vyas et al., 
2018; Houfani et al., 2020) as showed in Figure 5.
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Figure 5. Enzymes are involved in breaking down the complex structure of the cellulose molecule. (Xie 
et al., 2007).

Cultural residues such as corn stalk and sugarcane straw are rich in lignocellulosic 
compounds and correspond to potential raw materials for the generation of energy or other 
value-added products (Yamaguchi et al., 2017; Reinehr et al., 2021). Although the microbial 
decomposition of these residues has been extensively researched, most studies have been 
based on inoculums with pure cultures, resulting in unsatisfactory lignocellulolytic activities 
with a low capacity to decompose the complex structure of natural lignocellulose (Guo et 
al., 2011).

In breaking down these highly recalcitrant compounds, microbial consortia composed 
of bacteria, actinomycetes, and fungi are more promising compared to inoculums consisting 
of pure cultures, as they can provide a multi enzymatic action, being even more resistant to 
non-sterile conditions (Hui et al., 2013; Liang et al., 2018). Three main classes of cellulases 
are described concerning these enzymes: the endoglucanases, which act randomly on 
the soluble and insoluble cellulose chains. In addition, the expeinclude cellobiohydrolases 
work to release cellobiose and sometimes glucose, and glycosidases release glucose from 
cellobiose and exoglycosidases (Himmel et al., 2010; Moreira et al., 2011; Fülöp and Ecker, 
2020).

Thus, the application of microbial consortia with high multi enzymatic complementation 
in the decomposition of organic compounds rich in lignocellulose has agroecological and 
economic potential, as it can reduce the impacts of these residues on the soil, such as the 
proliferation of pests and diseases and compromise the development of shoots (Campos et 
a., 2010). Furthermore, its benefits may further extend to optimizing the supply of organic 
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matter and nutrient release to the soil (Rasche and Diego, 2019; Cherubin et al., 2019).

Biocontrol and biosynthesis of phytohormone 
Most approaches to biological control of plant diseases are based on techniques such 

as increasing the disease suppression mechanism in the biological control agents (BCAs), 
inhibiting competitive communities and developing microbial consortia with high biological 
control activity (Thakkar and Saraf, 2014). However, using multiple microorganisms 
as biocontrol agents is more robust as it encompasses different antagonistic and stress 
tolerance characteristics. Therefore, it can be assumed that at least one biological control 
mechanism will be functional in the circumstances faced by released BCAs (Jain et al., 
2012).

The role in biocontrol may result from the direct relationship between healthy 
microorganisms and the host plant or indirectly through the antagonistic relationship with 
phytopathogenic microbes (Mondal et al., 2020). In both cases, the microbial action can be 
stimulated via exudates released into the rhizosphere, with the microbial species co-evolved 
with the host plant tending to prevail. In addition to the antagonistic relationship potentiated 
by the synergism of the consortium, their use provides more effective disease management, 
as they occupy different rhizospheric microbial niches, thus restricting competition between 
them and increasing disease suppression (Sarma et al., 2015). 

Assessing the effect of bacteria in the control of Fusarium spp., Palmieri et al. 
(2017) observed better results when they used a consortium composed of four bacteria 
to the detriment of other less diverse consortia and mainly to the applications of isolated 
species. However, it is crucial to consider that the test used bacteria with growth-promoting 
characteristics, such as phosphate solubilization and phytohormones production. According 
to Sarma et al. (2015), multispecific biocontrol agents containing microbial species with 
distinct characteristics can promote benefits beyond the suppression of pathogens, thus 
optimizing plant growth promotion through at least two forms of action.

Regarding the production of phytohormones, studies with microbial consortia are still 
lacking. However, some works highlight this ability. Assessing the effect of mixed inoculation 
of Pseudomonas fluorescence and Trichoderma asperellum, Singh et al. (2018) observed, 
among other advantages, an increase in hormone synthesis and more significant growth in 
chickpea seedlings. In a co-inoculation assay, Bilal et al. (2018) observed strict hormonal 
regulation in soybean plants, reducing metallic stress by inhibiting metal absorption and 
translocation. Also, according to the authors, higher absorption of essential nutrients was 
observed and, consequently, better plant growth.
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Biological nitrogen fixation
Atmospheric nitrogen is not available to most living beings, except for a selected 

group of archaea and bacteria called diazotrophs, which convert it into assimilable forms 
through biological nitrogen fixation (FBN) (Batista and Dixon, 2019). The FBN process is 
widely studied. Several bacterial genera are described as diazotrophic, directly associated 
with plants (endophytic) or free-living, establishing close plant-microbe relationships 
(Conalghi et al., 1997; Serrato, 2014; Olivares et al., 2017).

Although this characteristic is restricted to specific microbial groups, some legumes 
have greater nitrogen assimilation and develop better when co-inoculated with diazotrophic 
bacteria and arbuscular mycorrhizal fungi (AMF). Furthermore, in the presence of compatible 
fungal strains, the nodulation and fixation processes are more efficient, indicating the 
mutualistic relationship of the intercropping application of these microorganisms when 
compared to plants with isolated inoculum, even under stress conditions (Linderman, 1991; 
Saia et al., 2014).

Moreover, Pereira et al. (2013) observed synergistic effects in mixed inoculations 
with arbuscular mycorrhizal fungi, actinomycetes, and rhizobia evaluated, with gains 
in area biomass and nodule biomass. However, despite reports indicating the effects of 
intercropping inoculations, the mechanisms of this cooperation and the effects on the 
rhizosphere’s resident microbiota are not fully understood (Woo and Pepe, 2018). Thus, 
there is a commitment to propose these applications at the commercial level, especially 
concerning FBN, one of the principal areas of application of microbial-based inputs due to 
the relevance of nitrogen in agriculture (Chianu et al., 2010; Olivares et al., 2017; Soumare 
et al., 2020).

Application vehicles for microbial consortia
The microbial consortia to be used need an application vehicle. These vehicles make 

up most of the inoculant volume and help deliver a physiologically viable number of microbial 
cells and favor the inoculant dispersion through the favorable conditions provided. Despite 
this knowledge, one of the biggest challenges in using microbial consortia is the difficulty 
of maintaining the viability of microorganisms throughout the storage and logistics period 
(Reis, 2007). In this sense, several studies have been carried out to improve the survival of 
microbial cells, thus ensuring the efficiency of the microbial consortium.

Various materials and substances have been analyzed as support for inoculation, 
including peat, coal, clay, rock phosphate and natural gums (Rocha, 2018). Among these, 
peat stands out, as it has better quality and availability than other potential vehicles and 
offers physical protection against soil adversities (Zilli et al., 2010; Santos et al., 2022). Other 
alternatives have also been valuable, such as the inoculation of stalks in sugarcane and 
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seeds, such as corn. In these cases, inoculation is carried out under controlled conditions, 
and when the stems or seeds go to the field, the consortia are already in the colonization 
phase. In general, there is still no consensus or vehicle that helps apply consortia in different 
cultures. Thus, it is necessary to know the microorganisms involved so that the consortium, 
the vehicle and the plant are compatible and the expected results are obtained.

FINAL CONSIDERATIONS AND PROSPECTS 
The successful use of consortia depends on the existing compatibility between 

the microorganisms involved since two antagonistic organisms, even if beneficial, can 
compromise stability and reach the expected results. Thus, understanding the molecular and 
physiological bases involved can be a way to improve manipulation techniques in microbial 
consortia, suppressing or expressing genes of interest. Therefore, using multidisciplinary 
approaches can facilitate the development and improvement of stable consortia.

Finally, understanding microbial ecology in the most diverse environments and the 
requirements of organisms for their joint action is necessary for the development of studies 
and techniques that enable the application of microbial consortia. By being an engaging area 
that still requires deep investigations, and insertion of modern technologies and methods, 
including to be developed, microbial consortia still fit as promising natural alternatives. 
However, they will collaborate to create and establish productive, healthy, and sustainable 
future agriculture.
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