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ABSTRACT: The purpose of this study was to evaluate the efficiency of the product containing Trichoderma asperellum 201 
in soybean field productivity in different regions of the Brazilian Cerrado. Thirty-five experiments were conducted in the states 
of Bahia and Tocantins, in different municipalities, in the 2017/2018, 2018/2019 and 2019/2020 seasons. The treatments used 
were the seed treatment with T. asperellum and a control (without inoculation of Trichoderma). The seeds were inoculated (TS) 
with product containing T. asperellum, at a dose of 5 g per kg of seeds, formulated with a minimum concentration of 2 x 108 
CFU g-1, with graphite as an inert material in the formulation. In all fields in the states of Bahia and Tocantins, positive effects 
(p < 0.05) of inoculation of the T. asperellum were observed in the productivity of different soybean cultivars. In the Bahia 
state fields, productivity gains varied between seasons, with an average productivity gain of 8.01% seen for the 2017/2018 
crop, 3.97% for the 2018/2019 crop, and 9.23% for the 2019/2020 crop. In Tocantins, the average productivity, considering all 
experiments, was 13.02%.
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Produtividade da soja inoculada com Trichoderma asperellum
em diferentes regiões do Cerrado, Brasil

RESUMO: O objetivo deste estudo foi avaliar a eficiência do produto contendo Trichoderma asperellum 201 na produtividade 
da soja em diferentes regiões do Cerrado brasileiro. Foram realizados 35 experimentos nos estados da Bahia e Tocantins, 
em diferentes municípios, nas safras 2017/2018, 2018/2019 e 2019/2020. Os tratamentos utilizados foram o tratamento 
de sementes com T. asperellum e um controle (sem inoculação de Trichoderma). As sementes foram inoculadas (TS) com 
produto contendo T. asperellum, na dose de 5 g por kg de sementes, formulado com concentração mínima de 2 x 108 UFC g-1, 
tendo grafite como material inerte na formulação. Em todas as regiões dos estados da Bahia e Tocantins, foram observados 
efeitos positivos (p < 0,05) da inoculação de T. asperelum na produtividade de diferentes cultivares de soja. Para o estado 
da Bahia, os ganhos de produtividade variaram entre as safras, com ganho de produtividade médio de 8,01% na safra 
2017/2018, 3,97% na safra 2018/2019 e 9,23% na safra 2019/2020. Para o Tocantins, a produtividade média, considerando 
todos os experimentos, foi de 13,02%. 
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* Aloisio Freitas Chagas Junior - E-mail: chagasjraf@uft.edu.br (Corresponding author)
Associate Editor: Mário de Andrade Lira Júnior

https://orcid.org/0000-0002-7489-8701
https://orcid.org/0000-0002-0083-6452
https://orcid.org/0000-0003-2683-2035
https://orcid.org/0000-0001-8228-3101
https://orcid.org/0000-0003-0015-9401


Soybean productivity with Trichoderma asperellum seed treatment in different regions of the Brazilian Cerrado

Rev. Bras. Cienc. Agrar., Recife, v.16, n.4, e1171, 2021 2/8

Introduction
Soybean (Glycine max (L.) Merrill) production is one of 

the economic activities that has grown the most in recent 
years in Brazil (Sousa & Bittencourt, 2019). Represents the 
main Brazilian agricultural commodity, its importance in the 
economy is since Brazil is the largest exporter of the complex 
(grain, bran, and oil) and the first world producer (Conab, 
2018).

The Matopiba region is an extremely important agricultural 
frontier in Brazil. Over the past ten years, Matopiba has 
accounted for almost 10% of the country’s grain production, 
and its three main products - soybeans, corn and cotton - have 
at least doubled their production in this period (Input, 2021; 
Embrapa, 2021).

The increase in the world’s population and climate change 
represents a challenge for global agricultural production. 
There is a need to intensify agricultural production in a 
sustainable way and find solutions to combat abiotic stress, 
pathogens, and pests.

Plants are associated with complex microbiomes, which 
can be defined as the set of genes found in association with 
organisms that colonize a given environment (Murillo-Cuevas 
et al., 2019). Growth-promoting microorganisms can be useful 
to mitigate modern agriculture challenges in the coming years 
that aim to increase sustainable food production, with proper 
environmental protection (Ferreira, 2018).

The microbiome potentially to promote plant growth and 
vegetable organism tolerance to phytopathogen parasitism 
and may represent a promising sustainable solution to 
improve crop yield. Among the several microorganisms found 
naturally in the soil, fungal species of the Trichoderma genus 
figure out as the most studied and a are known components 
of biofungicides (Karaoglu et al., 2018; Alekseeva et al., 2019).

The Trichoderma species are classified as saprophytes, 
free-living that can live both in the soil, especially in tropical 
regions, eventually endophytic, with asexual reproduction, 
having their importance beeing proven for use in agriculture. 
They are usually studied as biocontrol agents (Monte et al, 
2019; Ramada et al., 2019; Pascholati et al., 2019) and present 
plant growth promoting activities (Das et al., 2017; Woo & 
Pepe, 2018; Mendoza-Mendoza et al., 2018). In plants, some 
Trichoderma strains produce secondary metabolites such as 
3-indoleacetic acid (IAA), which acts in promoting the growth 
of vegetative parts (Chagas et al., 2017a). 

T. asperellum has been reported as a plant growth promoter 
through its phosphate solubilization capacity and indole 
acetic acid (IAA) synthesis, with a positive effect on increasing 
biomass, nitrogen content, nodulation and productivity, using 
granulated formulation (Chagas Junior et al., 2019a,b).

The promotion of plant growth by the action of 
Trichoderma is complex and involves biochemical processes, 
enzyme production (Monte et al., 2019; Ramada et al., 2019), 
production of hormones and growth factors, besides the 
provision of nutrients, mainly phosphates. The ability of such 

microorganisms to perform phosphate solubilization has been 
adopted to replace or reduce the use of soluble phosphate 
fertilizers (Chagas et al., 2017a; Bononi et al., 2020). 

Brazil has a huge potential for production and use of 
inoculants and biopesticides, however, among the aspects 
that justify the low exploration of this sector, is the limited 
availability of commercial products based on Trichoderma 
legally registered in the Ministry of Agriculture, Livestock and 
Supply - MAPA (Agrofit). Even though in recent years legal 
regulations have promoted a broader adequacy of these 
products in relation to conventional chemicals, important 
limitations still remain, such as: isolated with poor adaptation 
to different agroecosystems (Bernardo et al., 2019), as well 
as formulations more appropriate for use in seed inoculation.

Seeds can be treated with different products, such as 
chemicals, fungicides, and insecticides, and formulated based 
on fungi and bacteria for biological control and promotion 
of plant growth. The use of Trichoderma-based formulas 
for seed treatment has been widely studied, being used as 
a biocontrol agent and to promote plant growth. There are 
different formulations based on Trichoderma in the national 
and international market that are used according to the 
purpose of the treatment, highlighting the seed treatment 
considered less costly and more effective.

Therefore, the objective of this work was to evaluate the 
efficiency of the Trichoderma asperellum, in powder formulation, 
on soybean productivity in the field, in different regions.

Materials and Methods
Thirty-five experiments were conducted in the Brazilian 

states of Bahia and Tocantins, in different municipalities, in 
the seasons of 2017/2018, 2018/2019 and 2019/2020, in the 
period from october to march, with different edaphoclimatic 
conditions, in Macro-regions 4 (Edaphoclimatic Region 
404: Municipalities of Cariri, Crixas, Gurupi, Ipueiras, Jaú do 
Tocantins and Formoso do Araguaia, Tocantins; edaphoclimatic 
region 405: Municipalities of Barreiras, Correntina, Formoso do 
Rio Preto, Luiz Eduardo Magalhães and São Desidério, Bahia) 
and 5 (edaphoclimatic regions 501: Municipalities: Bom Jesus, 
Santa Maria, Fortaleza do Tabocão, Darcinópolis, Piraquê, 
Barrolândia and Porto Nacional, Tocantins) (Normative 
Instruction No 1 (Brazil, 2012a,b)), according to the locations 
in Table 1 and Figure 1.

In the areas where the experiments were installed, the 
experimental plots had a minimum of nine planting lines, 6.0 
x 4.0 m, and 0.5 m of spacing between the planting lines.

In the different areas where the experiments were 
implemented, fertilization followed the recommendations for 
the different locations and harvest, being carried out by the 
owners of the areas, using different chemical fertilizers and 
formulations.

Different soybean cultivars were used, chosen by the 
farms. In all experiments the seeds were chemically treated 
with different fungicides and insecticides, with a product 
based on methyl thiophanate and fipronil, as recommended 
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Table 1. Location and weather conditions of the different experiments with Trichoderma asperellum in soybean seeds treatment.

*Weather stations near each region: INMET (2021) and Agritempo (2021). Climate according to Köppen e Geiger. Temp. = Average temperature for the period. Rain. = Average rainfall 
for the period. DYL = Dytrophic Yellow Latosol. DRL = Dytrophic Red Latosol. DRYL = Dystrophic Red Yellow Latosol. RQo = Ortic Quartzrenic Neosol. YU2 = Yellow Ultisol 2. 

Figure 1. Distribution of experiments in the states of Tocantins and Bahia, Brazil.

by the manufacturers. In all experiment’s soybean seeds 
were previously inoculated with rhizobium, with bacteria 
belonging to the species Bradyrhizobium japonicum (SEMIA 
5079 and SEMIA 5080), using dosages according to the 

recommendations of the manufacturers, ranging from 400 to 
500 mL per ha. 

The T. asperellum 201 strain was isolated from Cerrado soil 
in Tocantins. A preliminary identification was made according 
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to the morphological characteristics based on specialized 
bibliography and with the aid of an optical microscope. Then, 
the genetic characterization was performed by sequencing the 
TEF (translation elongation factor) region and identified by the 
access codes in GenBank (Species Identification: T. asperellum 
GJS 04-217; GenBank access: DQ381958; Similarity: 99%).

The treatments used were the seed inoculation of 
Trichoderma asperellum 201 and an absolute control (without 
inoculation of Trichoderma). The seeds were inoculated with 
T. asperellum 201, at a dose of 5 g per kg of seeds, formulated 
with a minimum concentration of 2 x 108 CFU g-1, with graphite 
as an inert in the formulation. The T. asperellum was mixed 
in the seeds on the day of planting, after the inoculation of 
rhizobium, being made in a seed mixing inoculator.

All the experiments had a random blocks design with four 
repetitions. During the crop development, all the necessary 
phytotechnical and phytosanitary management were done as 
recommended by Henning (2009).

Grain production was obtained in the four central lines rows 
of each plot with a useful area of 10 m2, after the physiological 
maturation of the plants. The harvest was carried out 
manually, harvesting all the plants from the useful area, and 
the grains were processed in threshing machines, adjusting 
the grains moisture to 13%. Afterwards, the productivity was 
estimated in kg per hectare.

The hypothesis of equality between the means of the two 
treatments evaluated was made by the F test of the analysis 
of variance for p = 0.05, using the SISVAR statistical program 
(Ferreira, 2019). Comparison of means was performed 
only at inoculation or not within each experiment, with no 
comparison between places or seasons.

Results and Discussion
Bahia 2017/2018

In the experiments in Bahia, 2017/2018 crop, in all 
treatments with T. asperellum the productivity was significantly 
higher (p < 0.05) compared to the control without inoculation 
(Table 2). In these different areas, productivity gains ranged 
from 3.37 to 21.49% in relation to non-inoculation control, 
with an average increase in productivity, in relation to control 
treatment, of 8.01%

Bahia 2018/2019
For the 2018/2019 crop, in all treatments with T. asperellum 

the productivity was significantly higher (p < 0.05) compared 
to the control without inoculation (Table 3). In these different 
areas productivity gains ranged from 2.28 to 5.04% compared 
to the control without inoculation, with the average increase 
in productivity compared to the control treatment being 
3.97%.

Bahia 2019/2020
For the 2019/2020 crop, in all treatments with T. asperellum 

the productivity was significantly higher (p < 0.05) compared to 
the control without inoculation (Table 4). In these different areas, 
the productivity gains ranged from 1.89 to 25.55% in relation 

Table 2. Soybean productivity with Trichoderma asperellum 
in seeds treatment, in different localities in Bahia, Brazil, 
2017/2018 season1.

¹Means followed by the same small letter, in the columns, for each location/experiment, 
do not differ between themselves by the F test at 5%.2 Coefficient of variation.

Table 3. Productivity of soybean with Trichoderma asperellum 
in seeds treatment, in different locations in Bahia, Brazil, 
2018/2019 season1.

¹Means followed by the same small letter, in the columns, for each location/experiment, 
do not differ between themselves by the F test at 5%.2 Coefficient of variation.

to the control without inoculation, with the average increase in 
productivity, in relation to the control treatment, of 9.23%

Tocantins 2019/2020
For the 2019/2020 crop, in Tocantins, in all treatments 

with T. asperellum the productivity was significantly higher 
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(p < 0.05) compared to the control without inoculation (Table 
5). In these different areas, productivity gains ranged from 
7.37 to 29.46% in relation to the control without inoculation, 
with an average increase in productivity, in relation to control 
treatment, of 13.02%

In all regions in the State of Bahia and Tocantins, positive 
effects of inoculation of the T. asperellum were observed in 
the productivity of different soybean cultivars. Regarding the 
Bahia state, productivity gains varied between seasons, with 
an average productivity gain of 8.01% for the 2017/2018 crop, 
3.97% for the 2018/2019 crop, and 9.23% for the 2019/2020 
crop. For Tocantins the average productivity, considering all 
the experiments, was 13.02%. These increases in productivity 
would lead to possible economic gains with increased 
productivity.

The positive responses for productivity, in different regions 
and different soybean cultivars, ware related to the ability 
of the fungus Trichoderma to promote vegetable growth 
through different mechanisms, such as the production of 
phytohormones and nutrient solubilization capacity (Chagas 
et al., 2017c; Bononi et al., 2020). These effects can bring 
improve in plant development, increase of seedling emergence 
rate, root system, aerial part, chlorophyll content, size and/
or number of flowers and/or fruits (Mendoza-Mendoza et al., 
2018). The positive effects of Trichoderma on roots increase 
the absorption area, favoring the nutrient use efficiency, 
which consequently improve yields.

The growth promotion effect is also attributed to the role 
of Trichoderma to solubilize phosphates and micronutrients, 
mediated by the release of siderophores and secondary 
metabolites, or by modifications in the content of ethylene and 
auxins which stimulate plant development (Silva et al., 2019).

Table 4. Productivity of soybean with Trichoderma asperellum 
in seeds treatment, in different locations in Bahia, Brazil, 
2019/2020 season1.

¹Means followed by the same small letter, in the columns, for each location/experiment, 
do not differ between themselves by the F test at 5%.2 Coefficient of variation.

Table 5. Productivity of soybean with Trichoderma asperellum 
in seeds treatment, in different locations in Bahia, Brazil, 
2019/2020 season1.

¹Means followed by the same small letter, in the columns, for each location/experiment, 
do not differ between themselves by the F test at 5%.2 Coefficient of variation.

Some authors have reported positive results with 
Trichoderma inoculation in soybean, like Chagas et al. 
(2017a), Gonçalves et al. (2018) and Chagas Junior et 
al. (2019a, b) who concluded that Trichoderma acts as a 
promoter of vegetable growth positively affecting biomass 
and soybean productivity. 
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Plants containing this microorganism associated with 
their roots or in the rhizosphere tend to improve their 
ability to survive and absorb nutrients in adverse situations. 
Consequently, these plants have a productive advantage 
over those with an absence of Trichoderma in their roots 
(Contreras-Cornejo et al., 2016).

Some of the factors that determine the success of 
Trichoderma inoculation include abiotic and biotic conditions. 
Therefore, selected isolates to compose inoculants and 
formulations need to be able to produce satisfactory results 
under field conditions with the ability to promote vegetable 
growth, resulting in increased productivity. This is related 
to the fact that establishment and development under field 
conditions are critical for the microorganism because they 
are exposed to different reactions from the host and the 
environment, which can result in more effective control or 
promotion of a more variable vegetable growth than can 
be achieved with chemicals. In the current study, the use of 
T. asperellum 201 showed significant results regarding the 
productivity of the different cultivars in the different regions 
and provided results regarding the benefits for soybean 
growing areas with the use of this formulation in soybean 
seed inoculation.

These positive responses in soybean yield in different 
regions may be related to adaptation to specific biotic and 
abiotic conditions, from which the isolate T. asperellum 201 
was isolated. Factors such as temperature, soil type, aeration, 
pH, humidity, and nutrients interfere in the development 
of fungi of this genus (Silva et al., 2020). Thus, bioagents 
collected in the same environment or under similar climatic 
conditions as where they will be used are more likely to adapt 
and be more effective.

The experiments, in different regions and crops, showed 
the positive effect of the product containing T. asperellum 
with potential as a vegetable growth promoter, and targeting 
for use of inoculant in this powder formulation, as a vegetable 
growth promoter inoculant in strategic crops such as soybeans, 
according to the results of this research, achieving new areas 
in potential for the use of the product (inoculants).

The use of the product, with active ingredient based on 
T. asperellum 201 as a plants growth promoter, to increase 
agricultural production will probably be one of the most 
important strategies for the agricultural sector. This is due 
to the emerging demands for reducing the dependence on 
chemical fertilizers, in addition to pesticides, and the need for 
sustainable agricultural development.

The results showed in the present study demonstrate 
that this fungus, a promoter of vegetable growth, presents 
itself as a technology for soybean cultivation and the 
effect on productivity. Thus, this microorganism, used as 
a growth-promoting inoculant, could have an important 
impact in achieving sustainable agriculture and protecting 
the environment, as well as the formulation, in the ease of 
application in the treatment of soybean seeds.

These effects of Trichoderma as a vegetable growth 
promoter have also been reported for other crops, as for 

example, it has been reported that the treatment of rice, 
wheat and tomato seeds with Trichoderma increases the 
photosynthetic rate, the weight of the plants, the length of 
their roots and shoots and the number of leaves and leaf area 
(Domínguez et al, 2016), as well as in the biomass increment 
of maize (Chagas et al., 2017b), tomato (Rubio et al., 2017), 
papaya (Chagas Junior et al., 2020), rice (Chagas et al., 
2017a,b; Silva et al., 2019) and cowpea Chagas et al., 2016).

The benefits of the ecological processes performed by 
fungi of the genus Trichoderma as a plant growth promoter 
have contributed to achieving sustainability in the agricultural 
sector. The technology of inoculation of microorganisms, 
such as the fungus Trichoderma, of biotechnological 
interest in agriculture is a resource of major economic 
importance, besides the contribution to reducing the use and 
consequent impact of agrochemicals. Sustainable agriculture 
requires the use of strategies that allow for an increase in 
productivity without damaging the environment, opening 
new perspectives to contribute to the development of new 
technologies, methods, and strategies in agribusiness. The 
processes mediated by microorganisms become essential in 
the preservation and conservation of natural resources.

Conclusions
The inoculation of soybean with the product in this 

formulation containing Trichoderma asperellum 201, in the 
dosage of 5 g per kg of seed, showed an increase in the 
productivity of soybean cultivated in the different regions in 
the states of Bahia and Tocantins.

The product, with an active ingredient based on T. 
asperellum 201, can be recommended as an inoculant plant 
growth promoter for soybeans.
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