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A B S T R A C T

The growing need to reduce the negative environmental impact of 
agrochemicals in conventional agriculture has led to the development of 
innovative biotechnology products such as bioinoculants. These products 
are specifically designed to reduce the use of both chemical fertilizers 
and pesticides, promoting more sustainable agricultural practices. 
Bioinoculants are composed of soil microorganisms that have a high 
potential to stimulate plant growth through different mechanisms of action, 
such as nitrogen fixation, nutrient solubilization, and production of bioactive 
compounds. In this review, a representative analysis of research in the 
area of bioinoculants in Mexico, Venezuela, and Brazil is presented, to 
know the current situation in these Latin American countries. In addition, 
the perspectives of their large-scale application are discussed, thus 
contributing to the literature of our region, where especially there is no 
compilation of research carried out in Venezuela in this field. 
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R E S U M E N

La creciente necesidad de reducir el impacto negativo que sobre el medio ambiente han 
tenido los agroquímicos en la agricultura convencional ha permitido el desarrollo de productos 
biotecnológicos innovadores como los bioinoculantes. Estos productos están diseñados 
específicamente para disminuir el uso tanto de fertilizantes químicos como de pesticidas, 
promoviendo prácticas agrícolas más sostenibles. Los bioinoculantes están compuestos por 
microorganismos del suelo que poseen un alto potencial para estimular el crecimiento de las 
plantas a través de diferentes mecanismos de acción, como la fijación de nitrógeno, la solubilización 
de nutrientes y la producción de compuestos bioactivos. En esta revisión, se presenta un análisis 
representativo de la investigación en el área de bioinoculantes en México, Venezuela y Brasil, 
con el objetivo de conocer la situación actual en estos países latinoamericanos. Además, se 
discuten las perspectivas de su aplicación a gran escala, contribuyendo así a la literatura de 
nuestra región, donde especialmente no existe una recopilación de investigaciones realizadas en 
Venezuela en este campo.

PA L A B R A S  C L AV E :  Agrosostenibilidad, biocontroladores, bioestimulantes, 
biofertilizantes, biotecnología microbiana, PGPM.  

Introduction

Conventional agriculture and its intensification, through the use of agrochemical products 
and machinery, have allowed the productive potential of agroecosystems to increase worldwide. 
However, the indiscriminate use of these products has led to the degradation of resources such 
as soil and water, as well as environmental pollution and risks to public health.

In this sense, it is necessary to adopt eco-friendly measures to reduce the use of chemical 
products and thus conserve natural resources, through the implementation of agro-sustainable 
practices that increase the quality and health of the soil. This concept is based on a soil capable 
of continuously maintaining its functionality as a living system, preserving the quality of its 
components, and promoting environmental health, and it is at this point where microorganisms 
acquire a transcendental role (Creus, 2017).

Bioinoculants are agrobiotechnological products composed of live or dormant beneficial 
microorganisms with the potential to benefit the development of different plant species, which, 
when applied to seeds, plant surfaces, or soil, colonize the rhizosphere or the interior of the plant, 
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thus promoting its growth, increasing the availability of nutrients and the health of the host plant; 
In addition, they can be used strategically as an alternative to the use of chemical fertilizers and 
pesticides, contributing to sustainable agriculture that helps mitigate the environmental impacts 
caused by agrochemicals (Vessey, 2003; SAGARPA, 2017; Santos et al., 2019). These bioproducts 
contain Plant Growth Promoting Microorganisms (PGPM), which is a group of microorganisms that 
grow associated with the roots of host plants and produce stimulation of plant growth associated 
with different mechanisms of action, such as biological nitrogen fixation, dissolution of inorganic 
phosphates, production of phytohormones, siderophores, and antibiotics, among others, and are 
part of the rhizobiome that offers beneficial services for the growth of the plants to which they are 
associated (Vessey, 2003; Orozco-Mosqueda et al., 2022).

The wide use of these microorganisms is due to their effects as biofertilizers (they facilitate 
the availability of nutrients to plants), biostimulants (they stimulate plant growth), and biopesticides 
or biological control agents (BCA) (control of phytopathogens) (Mitra et al., 2023). Currently, 
various microorganisms have been reported that have been used for this purpose, among which 
the genera Bacillus, Pseudomonas, Azospirillum, Azotobacter, Rhizobium, Bradyrhizobium, 
Sinorhizobium, Mesorhizobium and Streptomyces stand out (Creus, 2017). Recently, it has been 
estimated that PGPM can vary between 1 and 5 % of the total population of microorganisms that 
compete to colonize the rhizosphere (Antoun & Prevost, 2005; Bhattacharyya et al., 2020), and 
therefore the importance of mass production and extensive use in agriculture.

Bioformulations created from indigenous microorganisms are currently booming worldwide 
(Soumare et al., 2020), with a common goal which is the benefit of agriculture and food sovereignty 
of each country, by improving soil fertility to meet the food demand of the growing world population 
using quality standards, within the framework of compliance with FAO SDGs such as zero 
hunger and life of terrestrial ecosystems (FAO, 2021). However, the production of biofertilizers 
at an industrial level acts as a bottleneck because bacterial strains are generally developed and 
managed by research laboratories and not by sub-production units (Soumare et al., 2020). For this 
reason, and taking into account the number of existing studies, few microorganisms have been 
marketed as biofertilizers, which is why an efficient transition is necessary from their isolation and 
characterization in laboratories to their commercialization and application in the field, through 
rigorous schemes for their responsible use, such as the one we propose in Figure 1.

In Mexico, Venezuela, and Brazil the strategy of isolating native microorganisms to 
increase the agricultural potential of the region prevails, and re-inoculating them either in the 
same soils or in soils with similar characteristics. In this process, biofertilizers must overcome 
several barriers to establish themselves in the soil after their application, since the inoculation of 
allochthonous microorganisms induces an adaptation in them to the nutritional conditions of the 
soil, to the rhizospheric environment of the plant, and they must also be competitive with the native 
microorganisms of the soil (Creus, 2017; Blanco and Reyes, 2018).

Additionally, there are important aspects that determine the success of the formulation of 
a bioinoculant, especially the selection of a vehicle for the microorganisms, which should ensure 
the maintenance of cell viability, be economical and easy to apply. The vehicles can be solid or 
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liquid for applications in seeds, plants, or in the soil (Khan et al., 2023). Among these substrates, 
peat stands out, as it is a material with a high content of organic matter and physical protection 
properties for microorganisms due to the matrix it forms, which allows microorganisms to survive 
adverse environmental conditions (Santos et al., 2019). While liquid vehicles can be water or the 
culture media themselves. Other means to transport microorganisms can be an agricultural or 
industrial waste, lyophilized bacteria, or polymers for cell encapsulation (Figure 1) (Suyal et al., 
2016; Sahu et al., 2018; Santos et al., 2019; Chaudhary et al., 2020).

Figure 1. General scheme of bioprospecting of microorganisms for the production 
of bioinoculants.

Source: Own elaboration.
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The bioinoculant industry has experienced significant global growth (Yadav & Yadav, 2024). 
The largest market for these bioinputs is in the Americas, where 2,264 patent applications were 
registered in 2023, either under state fertilizer regulations or biostimulant claims (BPIA, 2023). 
North America leads the global biofertilizer market, with key industry players in the U.S. including 
Kula Bio Inc., Novozymes, Rizobacter, Sustane Natural Fertilizer Inc., Symborg Inc., AgroLiquid, 
Indogulf BioAg LLC, Koppert Biological Systems Inc., Lallemand Inc., The Andersons Inc., UPL, 
and Syngenta (Sansinenea, 2021; Santos et al., 2024). Europe ranks second in market size, 
with major contributions from Germany, the United Kingdom, Spain, Italy, Hungary, and France, 
followed by the Asia-Pacific region (China, Japan, India, Australia, New Zealand, and other Asian 
countries), South America, and Africa (Basu et al., 2021). In quantitative terms, North America and 
Europe were the largest consumers of biofertilizers in 2022, accounting for 35.9% and 31.9% of 
global consumption, respectively (Mordor Intelligence, 2024). In Europe, the implementation of 
EU Regulation 2019/1009 introduced seven Product Function Categories (PFCs), which classify 
bioinputs—including bioinoculants, biofertilizers, and biocontrol agents—based on their specific 
functional purposes (FAO, 2019).

In Latin America, agrobiotechnology related to bioinoculants and other bio-inputs is well 
established, with a long-standing tradition, yet its large-scale implementation remains recent and 
dynamic. However, the sector operates at a relatively small scale, as reflected in the number of 
registered products, companies, and product categories (Aramendis et al., 2023). According to 
these authors, biofertilizers predominate in Argentina, biological control agents in Colombia, plant 
extracts in Ecuador, and biological inoculants in Uruguay. Their study also provides an updated 
overview of the specific regulations governing the production and use of these products in each 
of these countries. Brazil stands out as a leader in the commercialization and application of 
biofertilizers. By 2018, approximately 45 million doses of liquid biofertilizers and 10 million doses 
of solid formulations were sold in the country (Santos et al., 2019).

Regarding the studies carried out, the potential of these microorganisms has been evaluated 
both individually and in consortiums, to determine the potential in each of their presentations. 
Likewise, studies have been conducted that evaluate the compatibility between strains and the 
viability retained by the microorganisms in a given time using different types of substrates that 
serve as vehicles (Blanco et al., 2018; Blanco et al., 2021a; Blanco & Reyes, 2018; Yahya et al., 
2022). For example, in Mexico, the development of biofertilizers has been the subject of growing 
interest in recent years, developing research to evaluate the potential of biofertilizers, both in terms 
of individual microorganisms and in consortia (Ibarra-Villarreal et al., 2023; Guardiola-Márquez et 
al., 2023). Recent studies have addressed the effectiveness of these products in different soil and 
crop conditions, highlighting the need to adapt and optimize their use in Mexican agricultural fields 
(Santillano-Cázares et al., 2021). In this sense, the consolidation of an adequate legal framework 
is presented as a fundamental step to promote the massive adoption of biofertilizers in Mexican 
agriculture, thus contributing to the sustainability and competitiveness of the sector (Carrazco et 
al., 2024).

Although this article contemplates a deep and critical review, it is not possible to mention all 
the work carried out in each country on this topic; however, a general consideration of the research 
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is provided, and a compilation of the existing products on the market, and the perspectives on the 
legal framework for the implementation of these bioproducts, as an approach to the potential of 
the region in this area, especially in Venezuela, of which there is little information in the available 
literature. Therefore, the objective of this review is to group a representative part of the research 
that has been carried out in recent decades in Mexico, Venezuela, and Brazil, and to list the 
products currently available, as well as to identify the challenges involved in the transition from 
research to the field to expand the use of biofertilizers in the region and to contribute ideas in favor 
of the standardization of registration and use standards for bioinoculants in Latin America.

Discussion

Bioinoculants in Mexico

History of the use of bioinoculants

Agriculture in Mexico has been one of the great economic pillars of the country. Three 
periods of development can be identified throughout history. During the growth period, between 
1940 and 1957, agriculture became the main economic activity. In addition, during this period 
the green revolution took place, one of the great events in world agriculture, which focused on 
the monoculture of improved varieties and the increased use of fertilizers, practices that were 
translated into productive increases in rice, wheat, corn, among others (Diéguez et al., 2010).

During the development period, between 1958 and 1981, agriculture played a fundamental 
role in the establishment of industry in Mexico. It was during these years that biofertilizers had a 
significant impact, especially in the biological fixation of nitrogen in crops such as soybeans and 
chickpeas. Furthermore, the widespread use of commercial Rhizobium-based inoculants was a 
prominent practice among agricultural producers, also recommended by research centers such 
as the Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias (INIFAP) (Armenta-
Bojórquez et al., 2010).

Finally, from 1982 to the present, agriculture has suffered a decline due to economic crises 
and environmental problems resulting from unsustainable conventional agricultural practices 
(Chávez-Díaz et al., 2020). However, there has been an increase in the development of agro-
biotechnologies for agricultural production, such as research on biofertilizers, based on the use 
of microbial resources with plant growth promotion functions, to contribute to the country’s food 
security, reduce production costs and improve the quality and health of Mexican crops (Table 1).

Current status of research on bioinoculants 

Unlike other Latin American countries such as Argentina, Brazil, and Uruguay, where 
bioinoculants have a long history of research and application, in Mexico this technology has been 
in the expansion and adoption phase by producers for more than two decades; however, there is 
a long history of scientific research on these topics. This delay was partly due to the abundance, 
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availability, and low cost of fertilizers until 2007 (Aguado-Santacruz and Moreno-Gómez et 
al., 2012). Currently, this situation has changed and alternatives are being sought to increase 
agricultural productivity and reduce the use of synthetic agrochemicals. Various investigations 
have shown that the use of inoculants based on microorganisms with the capacity to promote 
plant growth and biological control agents represents an alternative to improve plant nutrition, 
tolerance to abiotic stress, control diseases and minimize environmental problems generated by 
the use of conventional synthetic fertilizers (García-Montelongo et al., 2023; Nagrale et al., 2023).

In Mexico, the current production of biofertilizers is carried out by companies, and 
educational and research institutions (Grageda-Cabrera et al., 2012). Despite this development, 
large-scale distribution and application have had serious difficulties, mainly due to the lack of 
unified criteria for the selection and characterization of microorganisms, quality standards, and 
optimization in the production and bioformulation process, and the variability of results in the 
field (O’Callaghan et al., 2022). In this sense, future research should consider the interaction 
of bioinoculants with the microbiome and the determining factors in the agroecosystem. On the 
other hand, the incorporation of ecological, metagenomic, population genetic, metabolomic, 
and transcriptomic studies is necessary for a holistic understanding of the complex network of 
interactions that constantly occur. This will bring us closer to an explanation of the variations in the 
results in the field and will improve the efficiencies in the application of bioinoculants.

Advances in field applications of bioinoculants

The development and trade of biofertilizers worldwide, as an alternative to traditional 
fertilizers, has seen an increase in its development and commercialization in recent years. In 
2019, the market was valued at 4.27 billion dollars and is estimated to reach 11.81 billion in 2027, 
with an annual growth rate of 14.27% (Montoya-Martínez et al., 2022). The panorama in Mexico, a 
country in which 1.52x107 ha are planted annually (SAGARPA, 2019), has seen prolific advances 
in the development of biofertilizers, obtaining technologies that allow increases in production and 
quality while reducing the use of synthetic fertilizers (Table 1).
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Table 1. Use of biofertilizers in Mexican fields and their benefits.

Crop Microorganism Benefit Reference

Phaseolus vulgaris Rhizobium etli Increase in weight, thickness, width, 
length, and protein percentage, 
using reduced fertilization.

Lara-Capistrán 
et al. (2019)

Solanum lycopersicum Acinetobacter calcoaceticus 
AcDB3, Bacillus thuringiensis 
BtMB9, Bacillus subtilis 
BsTA16, and Bacillus 
amyloliquefaciens BaMA26.

Inhibition of Fusarium spp. Khalil et al. (2022)

Zea mays Trichoderma sp. IE-978, 
Trichoderma reesei Simmons 
IE-639, Trichoderma virens 
Miller IE-996, and Trichoderma 
harzianum Rifai IE-980.

Yields higher than those 
obtained with native corn under 
similar growing conditions.

Vázquez-Martínez 
et al. (2019)

Jatropha curcas L. Azospirillum (Azofer®), and 
Trichoderma (Tricovel®).

Inoculation of Azospirillum together 
with Trichoderma produced a 
greater number of mature fruits per 
plant and seed weight per plant.

Martiñón et 
al. (2017)

Triticum turgidum 
L. subsp. durum

Bacillus megaterium TRQ8, 
Bacillus paralicheniformis TRQ65 
and Bacillus cabrialesii TE3T.

Increase in aerial and root 
length, aerial and root dry weight, 
and bio-volume index.

Rojas-Padilla 
et al. (2020)

Increased crop productivity and 
preservation of grain quality.

(Ayala-Zepeda 
et al. (2024)

Zea mays Bacillus cabrialesii strain B25. Inhibition of root and ear rot caused 
by Fusarium verticillioides.

Martínez-Álvarez 
et al. (2016)

Arachis hypogaea Trichoderma harzianum T-H3, 
Trichoderma asperellum T-AS1, 
Trichoderma hamatum T-A12, 
Trichoderma koningiopsis T-K11, 
and Trichoderma harzianum T-Ah.

Greater production and lower 
incidence of rot caused by 
Macrophomina phaseolina.

Martínez-Salgado 
et al. (2021)

Cicer arietinum Trichoderma harzianum 
T1 and T2.

Increase in pod production by 24%, 
root length by 40%, and yield by 23%.

Martínez-Martínez 
et al. (2020)

Mangifera indica Bacillus subtilis 83 
(Fungifree AB®).

Control of mango anthracnose. Galindo et al. (2015)

Cucurbita pepo Bacillus subtilis QST 713. Control of Cucurbita pepo 
seedling drowning caused by 
phytopathogenic fungi.

Solano-Báez 
et al. (2021)

Solanum lycopersicum L. 
and Capsicum annuum L.

Bacillus amyloliquefaciens 
and B. thuringiensis.

Decreased severity of disease 
caused by Phytophthora capsici.

Ley-López et 
al. (2018)

Solanum tuberosum L. Bacillus cabrialesii subsp. 
tritici TSO2T and Bacillus 
subtilis TE3T_UV25.

Increased productivity and decreased 
incidence of common scab.

Montoya-Martínez 
et al. (2024)

Source: own elaboration.
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In this sense, the Mexican market for bioproducts based on microorganisms of agricultural 
interest has soil conditioners and improvers (2), biostimulants (3), biofortifiers (3), biopesticides 
and biopesticides (38), in various presentations, from the following brands: Zare Agrhos, Indebio, 
Agribest, Agrokemyca, Activa, Biofábrica Siglo XXI, Biosustenta, BIOqualitum, Biokrone, Grupo 
Fagro, Altus Biopharm, Agro&Biotecnia, Biocampo, Bactiva, CIASA Agro and Certis Agro México 
(Cruz-Cárdenas et al., 2021).

Experiences of producers

In Mexico, various investigations have been carried out on the development, innovation, 
and validation of biofertilizers. Various efforts have been consolidated in the field of dissemination 
of the use of microorganisms in agriculture in Mexico, such as the AgroEvento held in 2020, 
2021, and 2022, organized by the Centro Nacional de Recursos Genéticos (CNGR) of INIFAP 
and the Instituto Tecnológico de Sonora (ITSON). This event aims to bring together academics, 
scientists, students, technicians, trainers, producers of agricultural inputs, and farmers to share 
their experiences, knowledge, and perspectives regarding the use of biological products or 
other agrobiotechnologies for sustainable agricultural innovation. Likewise, the Patronato para 
la Investigación y Experimentación Agrícola del Estado de Sonora A.C (PIEAES), the Centro 
Internacional de Mejoramiento de Maíz y Trigo (CIMMYT) and INIFAP, every year since 1955, 
the Day of the Farmer has been held as a space for the connection, exchange of knowledge 
and transfer of technologies between researchers, farmers and companies. On the other hand, 
the Laboratorio de Biotecnología del Recurso Microbiano (LBRM) of ITSON has organized the 
Regional Forum “Cutting-edge agro-biotechnological alternatives to contribute to food security 
in a sustainable way” which has been held in 2019 and 2020, where various technologies and 
strategies focused on the efficient use of nutrients by crops, and the increase in yield developed 
in said laboratory, have been disseminated with the productive sector. 

Regulations or institutions that regulate the marketing and registration of 
microbial inoculants

Particularly, Mexico does not have regulations for the regulation of microbial inoculants, even 
though its industry is growing rapidly. The registration of microbial inoculants is currently controlled 
by COFEPRIS, however, for their registration, there is no distinction between bioinoculants, 
biofertilizers, biopesticides, biostimulants, and other variants, so all products registered with this 
body end up classified between pesticides and plant nutrients within its catalog. The registration of 
these products with COFEPRIS requires, among other requirements, the performance of biological 
effectiveness tests, laboratory analysis of the product to be marketed, and the presentation of a 
health license by the laboratory that formulates the microbial inoculant (Ramírez-Guzmán et al., 
2018).

In terms of biological effectiveness, in Mexico, SAGARPA, through the National Service for 
Health, Safety and Agri-Food Quality (SENASICA), is responsible for establishing the requirements 
and specifications for conducting biological effectiveness studies of plant nutrition inputs and 
agricultural pesticides and their technical opinion through the Mexican Official Standards NOM-
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077-FITO-2000 and NOM-032-FITO-1995, respectively; however, the updating of this type of 
standards for technologies based on microorganisms is crucial since the NOM-077-FITO-2000 
standard focuses mainly on chemical nutrition and both standards are not clear regarding the 
evaluation of biological effectiveness results for the use of inoculants (Carrazco et al., 2024; Cruz-
Cárdenas et al., 2021).

Finally, concerning the labeling of microbial inoculants in Mexico, in addition to the general 
specifications in NOM-182-SSA1-1998, the only thing added to the labeling is the number of 
colony-forming units (CFU) per gram or milliliter of sample, which gives rise to the development 
of colonies in 72 hours at 37 °C, indicating the genus and species of the microorganism or 
microorganisms in question (Ramírez-Guzmán et al., 2018).

Given the emergence of microbial inoculants as a viable alternative to increase agricultural 
productivity and the consequent appearance of a large number of products that do not contemplate 
the same minimum quality criteria, the Federal Government of Mexico, through SAGARPA and 
INIFAP, different institutions and specialists in the area, are working on the development of a 
specific official standard for the quality evaluation, marketing, and use of biofertilizers.

Bioinoculants in Venezuela 

History and initial studies

According to López et al. (2010), the use of biofertilizers in Venezuela began in the late 
1940s, with a work carried out by Savostin (1950), which dealt with research in the agricultural 
microbiology section of the agricultural department of the then Ministerio de Agricultura y Cría 
(MAC). This work was aimed at demonstrating the benefits of inoculation with native strains 
of Rhizobium in leguminous plants (beans, kidney beans, and pigeon peas). The Venezuelan 
Institute for Scientific Research has made a great push in the development of inoculants, 
achieving the production of Nitrobac, a biofertilizer based on native strains of Rhizobium and 
useful for legumes for consumption such as soybeans, beans, and other forage legumes such 
as Leucaena, Stylosantes, Siratro and Centrosema, which existed from 1977 to 1991 when they 
sold the patent to a private company, and after this sale the product disappeared from the market 
(López et al., 2010).

In Venezuela, Dr. Isbelia Reyes began to investigate the biological activity of the soil of a 
coffee plantation subjected to different forms of management (Reyes, 1986; Reyes, 1992). She 
indicated that 43% of the fungi and 3% of the bacteria present in surface outcrops of phosphate 
rock are capable of solubilizing insoluble inorganic phosphates, such as tricalcium phosphate, 
calcium acid phosphate, and phosphate rocks, and that the greatest phospho-solubilizers in a 
phosphocompost from coffee pulp and phosphate rock were Aspergillus, Mucor, Fusarium, 
Bacillus and an Enterobacteriaceae. Later, at the end of the 1990s, important advances were 
made in the isolation, characterization, and selection of PGPM from different places in the country. 
For example, rhizobia was isolated and characterized from legumes from different regions of 
Venezuela and non-symbiotic nitrogen-fixing bacteria associated with grasses from the Mérida 
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moorland (Marquina et al., 2011; Marquina et al., 2001-2002); as well as Reyes et al. (1999a; 
1999b) and Reyes et al. (2008) who tested the effect of isolates from different plants and locations 
in the state of Táchira on crops of agricultural importance, which allowed them to identify the 
microbial potential with plant growth-promoting characteristics, especially from the Andean region 
of the country. In other regions, notable studies have also emerged on the formulation of inoculants 
as a guide for their development in laboratories (Martínez-Viera et al., 2006); as well as other 
experiments using nitrogen-fixing bacteria and phosphate solvents on corn crops in combination 
with inorganic fertilizers and in different types of soil (López et al., 2008).

More recent studies have also determined the potential of PGPM, specifically rhizobia, as 
soil bioremediation, by reporting strains that co-metabolize carbamates (Blanco et al., 2013), and 
there are also works where it has been shown that the kinetics of production of indoleacetic acid 
(IAA) type phytohormones by PGPM shows a sigmoidal curve and even the growth-promoting 
effect of these microorganisms in vitro plant crops has been shown (Marquina et al., 2018). It is 
important to highlight that the studies reported in Venezuela on PGPM have evaluated most of the 
mechanisms expressed by these microorganisms in laboratory, greenhouse, and field conditions 
to induce the growth and/or health of crops (Tables 2 and 3).

Advances in the application of bioinoculants in the laboratory, greenhouse, 
and field

In Venezuela, we highlight that several of their studies have shown a specificity between 
microorganisms, soil, and crops. In this sense, it has been shown that PGPM responds differently 
and specificities have been identified between strain-soil characteristics (Reyes & Valery, 2007), 
strain-crop (Blanco et al., 2018), strain-variety of the same plant species (Blanco & Reyes, 2018), 
strain-strain (Castro & Blanco, 2018; Blanco et al., 2021a), in response to the plant-microorganism-
soil interaction, thus indicating that the positive effect of an identified microorganism on a certain 
crop cannot be generalized to all crops, but rather studies must be done on several plant species and 
varieties, and soil types to determine a wide range of effectiveness, thus avoiding adverse effects 
on the crop to be evaluated. The development of dual cultures of microorganisms (Enterobacter 
cloacae and Penicillium rugulosum) has also been evaluated to determine the feasibility of joint 
production, the study of which indicated that, although it is better to grow them individually, their 
most favorable application is dually (Blanco and Reyes, 2022). In addition, the combination of 
Trichoderma harzianum and Trichoderma asperellum with organic fertilizers such as chicken 
manure, tomato stubble compost, and coconut fiber has been evaluated, obtaining increases in 
potato yield (Roa & Bautista, 2018; Montoya et al., 2018). Research has also been carried out on 
the effect of biofertilizers and phosphate rock on forage grasses such as Urochloa decumbens 
with satisfactory results (Barbosa et al., 2024). Most bioinoculant studies in Venezuela have been 
carried out in combination with inorganic fertilizers, however, they have also been combined with 
organic fertilization, for a more agroecological management of crops (Table 2). 
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Table 2. Greenhouse and field research carried out in Venezuela with 
native microorganisms isolated from different areas of the country 

with biofertilizer and biostimulant potential.

Plant species Microorganisms Benefits Reference

Capsicum annuum 

Consortium Rhizobium tropici 
and Bradyrhizobium sp.

Increase in chlorophyll and 
N content in plants under 
shade conditions (180 
days), with 50% fertilizer.

Castro and 
Blanco (2018)

Strains of the genera Rhizobium 
tropici, Ochrobactrum sp., 
Bradyrhizobium japonicum, 
Bradyrhizobium sp., and 
Pseudomonas fluorescens.

Increase in % germination, 
and increase in number 
of leaves, length, and dry 
weight of 60 das seedlings.

Blanco et al. (2018)

Strains of the genera Azotobacter spp., 
Azospirillum spp., and Rhizobium spp.

Increased germination. 
Increased %N in plants under 
shade conditions (9 weeks). 
Increased germination. 
Increased length of the 
aerial and radical parts, and 
dry root biomass, under 
in vitro conditions.

Reyes et al. (2008)

Strains of the genera Rhizobium 
spp. and Azospirillum spp.

Increase in the number of 
leaves, plant height, and number 
of flower buds with soluble P 
source and phosphate rock, 
under shade-house conditions.
Increase in field yield without 
P application, compared to the 
full fertilization treatment.

Marquina et al. (2018)

Penicillium rugulosum, Trichoderma 
sp., Enterobacter sp., Microbacterium 
sp., A. brasilense, and microbial 
consortia by pairs of microorganisms.

Increase of available P in the 
soil with the use of phosphate 
rock. Increase in the number 
of leaves in the field.

Sánchez and 
Reyes (2018)
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Lactuca sativa

Two strains of the genus Rhizobium 
spp. (individual and in consortium).

Increase in dry weight 
of seedlings at seedbed 
level (30 days).

Peña & Reyes (2007)

Strains of the genera Rhizobium 
tropici, Ochrobactrum sp., 
Bradyrhizobium japonicum, 
Bradyrhizobium sp., and 
Pseudomonas fluorescens.

Increase in number of leaves, 
length, and dry weight of 
seedlings after 30 days.

Blanco et al. (2018)

Consorcio Enterobacter cloacae 
and Penicillium rugulosum.

Increase in number of leaves 
and %foliar P. Replacement 
of soluble P source with 
phosphate rock. Formulation 
of a solid bioinoculant (field).

Blanco & Reyes 
(2018)

Increase in the % of 
germination. Increase in the 
vigor of seedlings of two 
varieties of lettuce (seedbed).

Blanco & Reyes 
(2022)

Three strains of Trichoderma. Increase in seedling growth 
parameters with the liquid 
and granulated application 
of the microorganism.

Roche et al. (2018)

Plant species Microorganisms Benefits Reference

Continuation
Table 2. Greenhouse and field research carried out in Venezuela with 
native microorganisms isolated from different areas of the country 

with biofertilizer and biostimulant potential.
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Allium cepa

Consortium of Rhizobium tropici, 
Bradyrhizobium japonicum.

Increase in seedling vigor 
and higher rate of CO2 
assimilation in seedlings 
(seedbed) and plants (field).

Blanco et al. (2021a); 
Blanco et al. (2023)

Consortium of Rhizobium tropici, 
Bradyrhizobium japonicum.

Yield and %N are similar to 
production control with only 
50% NPK fertilizer under 
100% irrigation conditions and 
increases in %N in bulbs under 
water deficit conditions (field).

Blanco et al. (2021b)

Three strains of Trichoderma spp.
Increase in seedling growth 
parameters with the liquid 
and granulated application 
of the microorganism.

Roche et al. (2018)

A. Oryza sativa Consortium of 10 strains of the 
following genera: Pseudomonas sp., 
Aeromonas sp., A. veronii, Serratia 
sp., Bacillus sp., Rhizobium sp., 
Delftia sp., Pseudomonas sp.

Increase in dry weight 
of seedlings 30 days 
after inoculation.

Moronta-Barrios 
et al. (2018)

Zea mays Strains of the genera Azotobacter spp, 
Azospirillum spp, Rhizobium spp.

Increased germination.
Increased %N and %P in 
leaf tissue in plants under 
shade conditions (6 weeks).

Reyes et al. (2008)

Coffea arabica Penicillium rugulosum, Trichoderma 
sp., Enterobacter sp., Microbacterium 
sp., A. brasilense, and microbial 
consortia by pairs of microorganisms.

Increase in P available in the 
soil with the use of phosphate 
rock. Increase in the number 
of leaves in the field.

Sánchez et al. (2018)

Solanum 
lycopersicum

Trichoderma asperellum. Increase in aerial and root dry 
weight, total dry matter, height, 
and stem diameter of seedlings.

Bautista & 
Cordón (2018)

Source: own elaboration.

Plant species Microorganisms Benefits Reference

Continuation
Table 2. Greenhouse and field research carried out in Venezuela with 
native microorganisms isolated from different areas of the country 

with biofertilizer and biostimulant potential.
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Regarding the topic of biocontrol, a great diversity of the antagonist Trichoderma spp. has 
been reported in soils cultivated with cocoa and corn, including the species T. brevicompactum, 
T. theobromicola, T. ovalisporum, T. asperellum, T. atroviride, T. erinaceum, T. harzianum, T. 
koningiopsis, T. pleurotum, T. reesei, T. spirale and T. virens, with T. harzianum being the most 
abundant (Rivas & Pavone, 2010; Pavone & Dorta, 2015). Even the effect of non-pathogenic 
strains of microorganisms that are commonly phytopathogenic, such as F. oxysporum, has been 
investigated, and an increase in growth parameters of cucumber, onion, and tomato seedlings has 
been observed (Bautista & Granados, 2018). Some of the studies carried out in Venezuela on the 
biocontrol of PGPM on phytopathogens are shown in Table 3.

Table 3. Some studies in Venezuela of microorganisms with biocontrol 
potential.

Biocontrol microorganisms Controlled phytopathogens Benefit Reference

Various rhizobial species 
and Pseudomonas 
fluorescens.

Fusarium oxysporum 
and Colletotrichum 
gloeosporioides.

Growth inhibition under 
in vitro conditions.
Production of siderophores 
and hydrocyanic acid.

Blanco & Castro (2021)

Bacillus licheniformis 
and Bacillus pumilus.

Botrytis cinerea and 
Fusarium solani.

Growth inhibition under 
in vitro conditions
Induction of systemic 
resistance in paprika (C. 
annuum) plants in vivo.

Márquez et al. (2020)

Enterobacter sp., 
Penicillium rugulosum, and 
Trichoderma koningii.

Alternaria alternata. In vitro inhibition of A. alternata 
growth and in vivo control of 
infection in tomato (Solanum 
lycopersicum L.) seedlings.

Alcedo & Reyes (2018)

Penicillium rugulosum. Sclerotinia sclerotiorum. In vitro growth inhibition of 
Sclerotinia sclerotiorum

Blanco and 
Reyes (2022)

Pseudomonas sp., Bacillus 
sp. and Delftia sp.

Dickeya zea 
Pseudomonas 
fuscovaginae 
Xanthomonas oryzae.

In vitro antibacterial activity 
against phytopathogens.

Moronta-Barrios 
et al. (2018)

Trichoderma harzianum, 
Trichoderma virens and 
Trichoderma theobromicola.

Crinipellis perniciosa. In vitro biocontrol capacity 
of Trichoderma on the 
phytopathogen.

Rivas & Pavone (2010)

Trichoderma harzianum and 
Trichoderma asperellum.

Pyricularia
grisea.

Reduction of grain spotting in 
rice plants in the nursery and 
control of the in vitro growth 
of the phytopathogen.

Núñez & Pavone (2014)

Trichoderma asperellum. Rhizoctonia solani Control of phytopathogen 
infection in corn plants 
under nursery conditions.

Tortolero & 
Pavone (2012)

Source: own elaboration.
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Experiences with the use of bioformulations in the field

At the Laboratorio de Fitobiotecnología of the Universidad de Los Andes en Mérida, 
Venezuela (previously known as Laboratorio de Fijación Biológica del Nitrógeno y Cultivo 
de Tejidos Vegetales in vitro) professors María Eugenia Marquina and Roberto Skwierinski† 
developed a bioinoculant with native strains of rhizobia, using ground charcoal as a substrate, 
which has been applied to inoculate legume seeds. Although it has not been possible to monitor 
it in the field with producers, the good impressions of the effect on bean and pea production by 
farmers are known (personal information from E.L. Blanco and Y. Castro). On the other hand, in 
other institutions such as UNET, localized application biosubstrates have been manufactured, 
composed of San Joaquín de Navay phosphate rock (RFSJN), sand, and an organic substrate 
composed of sugar-rice 50:50 inoculated with the consortium E. cloacae and P. rugulosum, and it 
was evaluated on the development of two varieties of lettuce Great Lakes (GL) and Black Seeded 
Simpson (BSS) in field conditions; The viability in storage was determined and it was observed 
that since its preparation it was reduced in two orders, that is, from 108 CFU mL-1 to 106 CFU 
mL-1 and in the latter, which was the value applied in the field, the product was effective (Blanco 
& Reyes, 2018). Also, the experience of the evaluation of dual growth for the production of this 
consortium was not favorable, but its joint application was (Blanco & Reyes, 2022). In other 
regions of the country, studies have recently been carried out to harvest T. asperellum spores 
through the flocculation process with promising results using the Urfos 44® fertilizer as a product 
(Pavone-Maniscalco et al., 2020). Other granulated formulations of T. asperellum have also been 
standardized using defatted corn germ as a substrate, and liquid formulations using vegetable oil, 
lignosulfonates, and water as a base (Herrera et al., 2020). Likewise, other abundant, economical, 
and eco-friendly substrates such as paper sludge, a waste product in paper manufacturing, have 
been found for the production of T. asperellum, thanks to the cellulolytic activity of this fungus 
(Dorta-Vásquez et al., 2019).

Sulbarán et al. (2012) showed an experience carried out on a farm in the state of Guárico 
in Venezuela that was significant for the area of   biofertilizers, since a group of researchers from 
the Instituto Nacional de Investigaciones Agrícolas (INIA) provided support to producers, farmers 
and technicians and demonstrated the beneficial results of bioinoculants in the field on onion 
crops, reproducing the test by Sulbarán et al. (2011) carried out in plots with producers on onion 
crops. There, biofertilizer products composed of phosphorus-dissolving microorganisms and non-
symbiotic N fixers were applied, prepared in the production laboratories of the Instituto Nacional de 
Salud Agrícola Integral INSAI-Calabozo and the Referencia Nacional en Investigación e Innovación 
en Biofertilizantes attached to INIA CENIAP (National Center for Agricultural Research), using the 
methods and procedures described by Martínez-Viera et al. (2006). According to Sulbarán et al. 
(2012), the inoculants were applied in the field using a 600 L mechanical sprayer, and only 50% 
of the NPK fertilizer was applied. The production costs of the experience of Sulbarán et al., (2012) 
indicated that in the field the reduction of the onion crop cycle was up to 29% shorter (35 days 
earlier) for the crop inoculated with biofertilizers, a saving of 57% in production costs for fertilization 
with the use of these bioinoculants, and an increase in yield of 24% bringing as benefits the saving 
of money and time, in other words, little investment and higher income in less time, something very 
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beneficial and profitable for farmers. This experience also highlights the importance of socializing 
the results through evaluation in demonstration plots, since with this practice there was a real 
approach from science in the laboratory to production in the field to answer questions such as: 
how to use biofertilizers? What dosage to apply? How to apply them? And, above all: where are 
they distributed and what is the cost of these? (Sulbarán et al., 2012). 

Current situation of bioinoculant availability in Venezuela

Despite the PGPM benefits, in Venezuela, the way of using these microorganisms has 
generally been at a local level and on a small scale in the field, which means that to date the 
application of these microorganisms on a large scale in the country for the benefit of agriculture 
has not been able to be established. This is because it has not been possible to mass-produce and 
bioformulate the majority of microbial cultures already tested in research for various reasons, such 
as lack of financial support to universities, lack of equipment, scarce specialized personnel, and 
little availability of qualified experimental labor due to the migration phenomenon of Venezuelans 
that has worsened in the last 10 years.

In Venezuela, some of the available liquid biofertilizers are produced by the network of 
semi-industrial production laboratories attached to the National Institute of Integral Agricultural 
Health (INSAI) (López et al., 2010). However, there are more bioproducts available on the current 
market, but not all of them have proven provenance and results, nor are they registered with 
INSAI. Some of the bioinoculant products formulated with PGPM with biofertilizer, biostimulant, 
and disease biocontrol potential are Bradyrhizobium, Rhizobium, Rhizofos, Azotobacter, Azotofos, 
Phosphorus solubilizer, Trichoderma (INSAI product line), BIOFERMAX PM, TRICOMAX PM, 
SOILBIOMAX PM, SUNEMAX PM (Agrobiológico Montecarmelo C.A.), TrichoGreen (Tecnovita 
C.A.), BioMic (GIBAA-UNET), F1 and RF MAX (Biodelta C.A.) The current prices of these products 
vary for liquid presentations between 3 and 5 USD/L, while solid presentations vary between 2 
USD and 6 USD for 50 g of product.

In this sense, it is necessary to work on completing the cycle of biofertilizer production in 
Venezuela on a large scale to make them available to the farming community in all regions of the 
country, in a responsible and biosafe manner, according to rigorous scientific studies carried out, 
and thus try to reduce the resistance that exists in conventional agriculture regarding the final 
acceptance of these bioproducts and cover the largest possible space within national production.

Legal framework

Previously, in Venezuela, registrations of products for livestock, agricultural, plant, 
domestic, public health, and industrial use were processed before the defunct Servicio Autónomo 
de Sanidad Agropecuaria (SASA). In Official Gazette No. 40,981 dated September 5, 2016, the 
Instituto Nacional de Salud Agrícola Integral (INSAI), published a Provision through which the 
requirements for granting these registrations are established to replace the SASA, and currently 
in Official Gazette No. 42,687 of August 8, 2023, INSAI published the Administrative Provision 
No. 007/2023 through which the Norms that regulate the Registration, Supervision and Control 
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of Agroecological or Organic Inputs and their inherent activities, in the Bolivarian Republic of 
Venezuela, are established. The permit that bioinoculants/biofertilizers/biocontrollers grouped 
within agrobiological inputs must have is the Registro Único de Salud Agrícola Integral (RUNSAI), 
which is granted by INSAI (INSAI, 2024). On the product label, it is appropriate to indicate the 
registration number, number of colony-forming units, or spore concentration depending on the 
nature of the product, the dose to be applied, as well as the viability time of the product.

Bioinoculants in Brazil

Background

Biological inputs began to be produced in Brazilian industries in 1956, with the pioneering 
work of agronomists Johanna Döbereiner (1924-2000) and João Ruy Jardim Freire (1923-2015), 
members of the scientific team of the Empresa Brasileña de Investigación Agropecuaria (Embrapa) 
(Bomfim et al., 2021).

Brazil has a long history of research with inoculants. In 1956, the first inoculant factory 
in Brazil was founded in Pelotas, in the state of Rio Grande do Sul, to select strains for clover 
(Trifolium spp.) and alfalfa (Medicago sativa) crops for livestock production (Araujo, 2013). 
In the early 1960s, when soybean (Glycine max (L.) Merr) production began its expansion in 
Brazil, the rhizobia-based bioinoculant industry also followed the same trend, new inoculant 
factories were opened to supply the market with this input, which was already highly effective in 
increasing soybean productivity (Santos et al., 2019). Subsequently, the expansion of soybean 
cultivation in the Cerrado area (savannah zone of Brazil) in the 1980s, began the search and 
selection of elite rhizobia strains capable of meeting plant nitrogen demand under low humidity 
conditions and in acidic soils (Mendes et al., 2004; Araujo, 2013). The first strains selected 
for soybean inoculation in the Brazilian Cerrado were Bradyrhizobium elkanii (SEMIA 587 and 
SEMIA 5019) (Peres et al., 1993).

One of the best-known and most studied genera of PGPM is Azospirillum, and Brazil is 
a pioneer in studies with this genus (Tarrand et al., 1978). Azospirillum, initially named Spirillum 
by Beijerinck (1925), modified its nomenclature after Brazilian researcher Johanna Döbereiner 
studied and described its ability to fix nitrogen when associated with grasses (Döbereiner, 1979). 
In 1978, the nomenclature “azo” was added as a prefix to the original name, of the term “azote” 
used by Lavoisier for the element nitrogen (Santos et al., 2021). Azospirillum brasilense was first 
isolated in Brazil from the rhizosphere of Digitaria decumbens (forage grass) (Döbereiner & Day, 
1976) and since then Brazil has maintained leadership in basic studies with Azospirillum, including 
taxonomy (Tarrand et al., 1978; Ferreira et al., 2019), ecology (Baldani & Döbereiner, 1980), 
quantification of BNF contribution (Day and Döbereiner, 1976; Döbereiner, 1979; Döbereiner and 
Pedrosa, 1987) and isolation of Azospirillum strains (Magalhães et al., 1983; Santos et al., 2021).

In the late 1990s, the benefits of annual reinoculation of soybean crops led to the demand 
for microbial inoculants for other crops grown in rotation or succession with soybean, especially 
corn (Zea mays L.) and wheat (Triticum aestivum L.), which initiated an evaluation of Azospirillum 
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strains for these two cereals, resulting in the identification of six strains capable of promoting 
increases in grain yield (Hungría et al., 2010; Moretti et al., 2018). In Brazil, the first inoculant was 
registered by Stoller do Brasil SA (Campinas, São Paulo), paradoxically, 14 years after the first 
one was registered in Argentina (2009). It was named Masterfix L gramineas and was formulated 
with a combination of the Azospirillum brasilense Ab-V5 and Ab-V6 strains (Santos et al., 2019; 
Cassán et al., 2020).

In Brazil, the first liquid inoculant was approved by the Ministry of Agriculture, Livestock 
and Supply (MAPA) for commercial use in 2000, and a decade later almost 80% of the inoculants 
sold in the country were in liquid formulations (ANPII 2018). Particularly in the last decade, the use 
of mixed inoculants (co-inoculation) has expanded. In Brazil, the co-inoculation of Azospirillum 
brasilense with Bradyrhizobium spp. for soybean and A. brasilense with Rhizobium tropici for 
common bean was launched in 2014 and impressive increases in grain yield have been reported 
(Hungría et al. 2015; de Souza & Ferreira 2017; Nogueira et al. 2018).

The current state of production and use of Bioinoculants in Brazil

Brazil ranks fifth among countries with the largest land area devoted to agriculture, with about 
7.8% of its territory used for agricultural practices (CONAB, 2021). According to the Asociación 
Nacional de Productores e Importadores de Inoculantes (ANPII, 2019), 20.2 million doses of 
inoculants were sold in Brazil in 2009, increasing to 73.5 million doses in 2018, representing an 
increase of 263%. Therefore, the bioinoculant market in Brazil has grown considerably, making 
it an excellent investment opportunity for national and international public and private companies 
(Oliveira et al., 2022).

In 2019, it was estimated that 70 million doses of soybean inoculants were consumed, and 
used in more than 90% of the total area planted in Brazil (Hungría et al., 2020). Soybean inoculation 
allows an average yield of 3.5 tons of grains ha-1, without the need for nitrogen fertilizers. Similarly, 
in the cultivation of common beans, the sale of mixed inoculants between Azospirillum brasilense 
and Bradyrhizobium spp. increased by 85% between 2009 and 2013 (ANPII 2018), and in 2018 
alone, approximately 280 thousand doses of bean inoculant in peat and liquid formulations were 
sold (Bomfim et al., 2021).

Brazilian farmers have more than 70 years of tradition in using inoculants based on 
two strains of Azospirillum brasilense Ab-V5 and Ab-V6 (Hungary et al., 1994; 2006; 2010). 
Since then, these strains have been increasingly evaluated in experiments with various crops 
including rice, sugarcane, and pastures, and for co-inoculation of legumes (Santos et al., 2019; 
Rezende et al., 2021). Therefore, the excellent results with these bioinoculants led to a series 
of new studies investigating the main mechanisms that could explain their good performance 
(Table 4).
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Table 4. Use of bioinoculants in crops of interest in Brazil and their 
benefits.

Crop Microorganisms Benefit Reference

Phaseolus vulgaris Rhizobium tropici and 
Herbaspirillum seropedicae.

Relief from water stress 
increased dry biomass.

da Piedade Melo 
et al. (2017)

Phaseolus vulgaris Rhizobium tropici, 
Bradyrhizobium spp. and 
Azospirillum brasilense.

Co-inoculations stimulated 
greater nodule mass 
and shoot biomass.

de Carvalho et 
al. (2020)

Glycine max (L.) Merr. Bradyrhizobium japonicum 
and B. diazoefficiens.

Increase in nodulation and 
BNF capacity, increase in 
yield by 27 and 28%.

Moretti et al. (2018)

Glycine max (L.) Merr. Bradyrhizobium spp. and 
Azospirillum brasilense.

Improvement of several 
morphological characteristics 
of the root, increasing the 
plant’s capacity to overcome 
episodes of moderate drought 
stress, which allowed for 
higher yields to be achieved.

Rondina et al. (2020)

Zea mays L. Azospirillum brasilense 
cepas Ab-V5 and Ab-V6.

Induction of acquired systemic 
resistance (SAR) and 
induced systemic resistance 
(ISR) mechanisms.

Fukami et al. (2018)

Triticum aestivum L. Azospirillum brasilense 
and Rhizobium pisi.

Significant increase in wheat 
grain yield, number of grains 
per plant, and weight of 1000 
grains by 36%, 11% and 17%.

Zaheer et al. (2019)

Pennisetum glaucum. Bacillus sp. Improvement of the dry weight 
of shoots and roots and nitrogen 
and phosphorus content.

Ribeiro et al. (2018)

Zea mays L. Azospirillum 
brasilense Ab-V5.

Increased growth, yield, and 
nitrogen use efficiency.

Zeffa et al. (2019)

Source: own elaboration.
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Legislation and Regulations

Brazil has a long tradition of research with inoculants containing strains of rhizobia and 
Azospirillum. According to the standards established by the Ministerio de Agricultura, Ganadería y 
Abastecimiento (MAPA), commercial inoculants must have a minimum concentration of 109 viable 
cells of Bradyrhizobium and 108 cells of Azospirillum per gram or milliliter of inoculant, without 
contaminants at 10-5 dilution, and must contain only elite strains with recognized agronomic 
efficiency (Embrapa, 2021).

Microorganisms such as Rhizobium, Bradyrhizobium, Sinorhizobium, Azospirillum, 
Bacillus, and Mesorhizobium, used in inoculant formulations in patent applications, are included 
in the list of microorganisms authorized for use by the Ministry of Agriculture, Livestock and 
Supply of Brazil, according to Normative Instruction SDA No. 13 of March 24, 2011 (Olivieira et 
al., 2022). Currently, on December 23, 2024, a new specific regulation for bio-inputs (Law No. 
15,070) was enacted, establishing criteria for the production, registration, use, and inspection 
of these products. It also addresses related areas such as research, packaging, advertising, 
transportation, storage, waste disposal, and incentives for the development of bio-inputs. With 
this measure, Brazil aims to establish a global reference for sustainable agricultural innovation 
(BiologicalsLatam, 2024).

Conclusions

Taking into account the scientific knowledge and experience that combine the biological, 
physiological, biochemical, molecular, and ecological bases in the plant-microorganism-soil 
interaction, it is important to evaluate the quality parameters of these products.

According to what has been described, for the success of bioinoculants, a thorough analysis 
of the factors that affect the efficiency of products based on these microorganisms is required, 
which will allow overcoming the barriers that reduce their effectiveness and, finally, impose 
the perception that those who apply them, the producers, have of them. Among these factors, 
different aspects stand out, such as the soil, the crop, the general process of bioprospecting of 
microorganisms for the production of bioinoculants, and the agricultural management practices 
carried out by the producer.

Considering the wide range of benefits that VMPs offer in an agroecosystem, it is important 
to determine and understand the role of bioinoculants through science, the scope of their use, 
and that their performance or function in various environments will help achieve a sustainable 
agricultural production system in a changing climate scenario.

In general, and depending on the state of development of the country, we can mention 
that the transition between research and the availability of bioinoculants to producers is the 
most important issue in countries. Convincing producers with demonstrable results that VMPs 



22Revista Bio Ciencias 12, e1807.                 

ISSN 2007-3380

Bioinoculantes desde la perspectiva de México, Venezuela y Brasil /
Bioinoculants from the perspective of Mexico, Venezuela and Brazil.

improve crop health and productivity, and conserve natural resources is the desirable goal of 
researchers to facilitate their large-scale application. On the other hand, the adoption of strict, 
but non-bureaucratic registration regulations can facilitate the rapprochement between academia 
and farmers. In addition, taking into account the protection of the soil microbial resource and 
biosecurity considerations is the basis for the responsible massification of bioinoculants. Finally, 
support for universities and research institutes by governments and private companies in each 
country is essential for the development of infrastructure and training of qualified personnel for the 
production of bioinoculants and their availability to consumers, because of the great potential that 
exists in our region following the research reported today.
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