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Abstract

The use of microorganisms that promote plant growth is an important tool for increasing agricultural production;
besides, there is an emerging demand for decreasing utilization of chemical fertilizers and to solidify sustainable
agriculture. The objective of this study was to evaluate the efficacy of growth promoting microorganisms
Bradyrhizobium elkanii and Trichoderma harzianum for treatment of soybean seeds. This experiment was
conducted at the Regional Institute of Rural Development (IRDeR), in Augusto Pestana, RS, Brazil. The
experimental design was randomized blocks and treatments were: control, Trichoderma harzianum,
Bradyrhizobium elkanii, and co-inoculated Trichoderma harzianum + Bradyrhizobium elkanii, with four
replications per treatment. The sample units were five rows 5 m in length, spaced at 0.5 m, and three central lines
were used to analyze the components of soybean yield. Of these, two lines were harvested 4 m, and the incidence
of soil diseases in the plants was evaluated in one of the lines. Treatments means were compared using Tukey
test. There was an effect of treatments: B. elkanii and treatment with co-inoculation B. elkanii and T. harzianum
showed a significant response to grain yield. The chemical treatment without microorganisms with a biological
effect had a higher incidence of diseases and a lower yield of grains.
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1. Introduction

Soybeans (Glycine max L.) cultivation is economically important for Rio Grande do Sul state, Brazil (Ribeiro et
al., 2017). In the region of Alto Uruguai, this oilseed was introduced in 1936 to feed pigs, when pig farming was
the main activity in the region. Thereafter, growing soybeans in the state became increasingly popular and in the
1970 this crop accounted for nearly 40% of the cultivated area (Caldarelli, Camara, & Sereia, 2009; Freitas,
2011). This was due to favorable environmental conditions for cultivating soybeans, corn (Zea mays) and wheat
(Triticum aestivum) that, when integrated together, support soil conservation practices and increase nitrogen in
the soil, resulting in better soil fertility (Caldarelli, Camara, & Sereia, 2009; Andrade et al., 2016). In Brazil,
soybeans are integrated into practically every production unit, provide additional income for farmers, are
processed and sold domestically or exported internationally, and generate more than a million direct and indirect
jobs throughout the country (Dotto et al., 2015; Ribeiro et al., 2017).

Successful cultivation of soybeans requires high-quality seeds and adopts a management strategy that ensure
germination and emergence of seedlings, providing an adequate population of the crop (Mertz et al., 2009).
When soybeans encounter adverse edaphoclimatic conditions farmers must replant the crop, which can increase
production costs and damage the production potential of the tillage (Schuab et al., 2008; Rocha et al., 2017).

Beyond the seeds, the soil and crop remnants can be sources of inocula, and plants will be susceptible to
pathogens (frequently Phythophthora sojae, Fusarium spp, Sclerotinia sclerotiorum and Macrophomina
phaseolina), which reduce productivity (Danelli et al., 2011). The frequent introduction of seeds infected by
pathogens tends to increase sources of inoculum in the soil and microorganisms will reduce yield and quality of
seeds (Lucca et al., 2008; Ethur et al., 2016).
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To neutralize the pathogenic action of fungi and bacteria, seeds should be treated before planting using mainly
chemical fungicides, antagonistic organisms, and plant growth promoters. This method is effective for fungi
control because it is localized in the seed and reduces the use of agrotoxins (Danelli et al., 2011; Mertz et al.,
2009). Trichoderma spp. based products are effective at controlling soil phytopathogens and are marketed
globally because they possess high antagonistic and mycoparasitic potential and can reduce severity of plant
diseases, by inhibiting phytopathogens in the soil and roots (Brotman et al., 2013).

An important characteristic of Fabaceae is to dispense fertilizing nitrogen, because roots of plants have
specialized structures, called nodules, which fix biological N (FBN) by transforming atmospheric N into organic
compounds assimilated by the plants (Brandelero, Peixoto, & Ralisch, 2009). Thus, chemical fertilizers (e.g.,
urea) with high losses from volatilization and leaching are serious environmental risks (e.g., eutrophication of
rivers, lakes and springs), and should not be used. Thus, the farmer decides to inoculate seeds with specific
bacteria (e.g., genus Bradhirizobium), which besides fixing N,, stimulate growth of root hairs and formation of
secondary roots that help absorbing nutrients and water; thus, there is greater capacity to withstand hydric stress
and an increase in productivity (Zilli et al., 2008; Silva et al., 2011; Teixeira et al., 2014).

Strategies that use microorganisms represent economic and ecologically correct alternatives for increasing
soybean production, in addition to preventing human intoxication by agrotoxins. Therefore, the objective of this
research was to study the interactions of soybean seeds inoculated with fungus Trichoderma harzianum and
bacteria Bradhirizobium elkanii, to evaluate their antagonistic effect on pathogens for soybean crop, increment
of soybean production and reduction of diseases incidence in plants and soil fungi.

2. Material and Methods

The experiment was conducted in the municipality of Augusto Pestana, Rio Grande do Sul, Brazil, in a field
without irrigation during the 2015/2016 harvest. Seeds were sown in the first half of December 2015 at the
Instituto Regional de Desenvolvimento Rural (IRDeR) (28°26'30" S, 54°00'58" W, altitude ca. 300 m).

The climate in the region is Cfa, subtropical humid, according to the K&ppen classification, with a hot, dry and
average annual rainfall of 1600 mm. The soil is classified as a typical dystrophic red latosol originating from the
basalt formation of the Serra Geral, characterized by its deep, dark red coloration and clay texture with a
predominance of clay minerals and iron oxyhydroxides (1:1) (Santos et al., 2013).

The experimental design was a randomized block with four replications of treatments: Trichoderma harzianum,
Bradyrhizobium elkanii and co-inoculated Trichoderma harzianum + Bradyrhizobium elkanii (Table 1). The
plots were five rows of plants, 5 m long and 0.50 m apart. For sanitary analysis of the plants, at the end of the
cycle and harvest, the plants of one of the 5 m rows were carefully removed from the soil and submitted to an in
situ analysis of pathogens severity in the root system. Plants under attack by diseases and healthy plants were
enumerated. Another two rows were harvested to estimate grain yield and the remaining rows were considered
the border.

Table 1. Dosage and active principles used in the treatments (mL kg™ seeds)

Treatment  Active ingredient (i.a.) Product dosage (mL kg seeds)
T1 Tiometoxan+Fludioxonil+Fipronil 2.5 1.0 1.0 1.0
T2 Tiometoxan+Fludioxonil+Fipronil+7richoderma harzianum 2.5 1.0 1.0 1.0
T3 Tiometoxan+Fludioxonil+Fipronil+Bradyrizobium elkani 2.5 1.0 1.0 1.0
T4 Tiometoxan+Fludioxonil+Fipronil+7. harzianum+B. elkani 2.5 1.0 1.0 1.0 1.0

Note. Commercial product: Cruiser (Tiametoxan); Maxim XL (Fludioxonil); Standak (Fipronil); Trichodermil
(Trichoderma harzianum); Sys LL (Bradyrhizobium elkanii).

The seeds used were from the cultivar Don Mario 5958 RSF IPRO, which were industrially treated by the Costa
Beber company in Condor, RS. They have been treated with the Sys LL product (Bradirizobium elkani): solid
biological formulation developed for application in seed treatment, which protects against the action of
phytosanitary agents, and extends the life of the bacteria on the seeds. The commercial product Trichodermil
(Trichoderma harzianum) was also applied to the seeds before sowing, with the aid of a sprayer, at the dosage
described in Table 1. This product was available from the IRDeR.
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The area was demarcated with a seeder to manually sow the seeds and 250 kg ha! of 05-20-20 (N-P,05-K,0)
chemical fertilizer was added to the soil. The space between rows was 0.5 m, with 13 seeds per linear meter, for
a final population of 250,000 plants ha™.

At stage R2, six plants per plot were collected for each repetition of the treatments of Bradyrhizobium elkanii
(Cruiser + MaximXL + Standak + Bradyrhizobium elkanii) and control (Cruiser + Maxim + Standak), to
quantify the number of nodules on the main and secondary roots.

The evaluation of soil diseases in plants was conducted in the first half of April 2016. Two hundred and twenty
five plants per treatment (mean of 56 plants per plot) were evaluated to quantify the number of healthy plants
and number of diseased plants. For the evaluation of yield components: mass of a thousand grains of healthy
plants (MTGHP), mass of a thousand grains of diseased plants (MTGDP), number of grains of healthy plants
(GHP), number of grains of diseased plants (GDP), number of legumes of healthy plants (LHP) and number of
legumes of diseased plants (LDP), were randomly collected by plot two plants (healthy and diseased). The two
rows used to analyze grain yield (GY), apparent biological yield (ABY) and straw yield (SY) were collected in
the first half of April 2016.

The data were submitted to an ANOVA, and the yield averages (number of grains per plant, number of legumes,
seeds per legume and mass per thousand grains) were compared using Tukey’s test (p < 0.05). Besides,
magnitude and direction of the associations between the variables of interest were determined. The hypotheses
were tested using t test (p < 0.05), with n-2 degrees of freedom and the model (1), where r is the correlation
coefficient between X and Y and n = degree of freedom of the treatment levels considered (Silva & Azevedo,
2016).

t = /[N - rz)/(n - 2)] )
3. Results and Discussion

There were significant effects for grain yield, disease incidence, number of legumes on healthy plants and
diseased plants, and number of grains of healthy plants and number of grains of diseased plants. There were no
significant differences for apparent biological yield, straw yield, harvest index (HI), number of grains of diseased
plants, average mass per thousand grains of healthy and diseased plants, weight of healthy plants (WHP) and
weight of diseased plants (WDP) (Table 2).

Table 2. Summary of the analysis of variance for the components of yield evaluated, submitted to different
treatments of seeds to control pathogens in soybean

Mean Square

Source of variation - CV%
Treatments Residue

GY (kg/ha) 437089* 34812 4
DI (%) 752%* 169 21
ABY (kg/ha) 901295™ 592073 6
SY (kg/ha) 227281™ 443848 10
HI (%) 44™ 29 11
LHP (n°) 1288* 33 7
LDP (n°) 354% 64 14
GHP (n°) 8177* 301 10
GDP (n°) 3162 298 16
MTGHP (g) 198" 53 4
MTGDP (g) 22" 108 6
WHP (n°) 28"™ 11 14
WDP (n°) 16" 3 12

Note. *p < 0.05 (F test); ns: p > 0.05 (F test). CV: Coefficient of variation (%); GY: Grain yield; DI: Diseases
incidence; MTGHP: Mass of a thousand grains of healthy plants; MTGDP: Mass of a thousand grains of
diseased plants; GHP: Number of grains of healthy plants; GDP: Number of grains of diseased plants; LHP:
Number of legumes of healthy plants; LDP: Number of legumes of diseased plants; WHP: Weight healthy plant;
WDP: Weight diseased plant; ABY: Apparent biological yield; SY: Straw yield; HI: Harvest index; no : number;
g: grams; CV: Coefficient of variation.
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According to Oliveira et al. (2009) and Pimentel-Gomes (2009), the coefficients of variation (CV) are within the
statistical patterns recommended for this type of experiment for the variables evaluated. In this experiment all
variables evaluated had low CV, indicating high experimental precision.

For grain yield, Tiametoxan + Fludioxonil + Fipronil + Bradyrhizobium elkanii had higher productivity (4,451
kg ha'; 17.29%) higher than the control, but it was similar to Tiametoxan + Fludioxonil + Fipronil +
Trichoderma harzianum + Bradyrhizobium elkanii (4,227 kg ha™) (Table 3). Indicating that soybean seeds
inoculated with fungus Trichoderma harzianum and bacteria Bradhirizobium elkanii increment of soybean
production.

Table 3. Grain yield, diseases incidence, apparent biological yield, straw yield, harvest index, submitted to
different treatments of soybean seeds in the control of soil pathogens

Variables
Treatments =] 1 ]
GY(kgha™) DI(%) ABY (kgha™) SY(kgha) HI (%)

3 - CruisertMaximXL+Standak+SYS LL 4451 a 58ab 13059 a 8818 a 52a

4 - Cruiser+tMaximXL+Standak+Trichodermil+SYS LL 4227 ab 42b 12071 a 7932 a 50 a

2 - Cruiser+tMaximXL+Standak+Trichodermil 3913 be 65ab 12072 a 8491 a 48 a

1 - Cruiser+tMaximXL+Standak 3795 ¢ 74 a 12217 a 8349 a 44 a

‘Average Overall 4074 60 135245 83975 48

CV (%) 4 21 6 10 11

Note. Means with different letters in a column are statistically different (p < 0.05). CV (%): Coefficient of
variation. GY: Grain yield; DI: Diseases incidence; ABY: Apparent biological yield; SY: Straw yield; HI:
Harvest index.

Table 3 shows the control (Tiametoxan + Fludioxonil + Fipronil) had higher incidence of pathogens and did not
statistically differ from the treatments containing these active principles and the biological product Trichoderma
harzianum (Tiametoxan + Fludioxonil + Fipronil + Trichoderma harzianum) and Bradyrhizobium elkanii
(Tiametoxan + Fludioxonil + Fipronil + Bradyrhizobium elkanii). The lowest incidence of pathogens occurred in
the treatment co-inoculated with the biological products Trichoderma harzianum and Bradyrhizobium elkanii
(Tiametoxan + Fludioxonil + Trichoderma harzianum + Bradyrhizobium elkanii), which did not statistically
differ from the treatments that added Trichoderma harzianum (Tiametoxan + Fludioxonil + Fipronil +
Trichoderma harzianum) and Bradyrhizobium elkanii (Tiametoxan + Fludioxonil + Fipronil + Bradyrhizobium
elkanii). However, both were higher than the control, demonstrating the effectiveness of Trichoderma harzianum
and Bradyrhizobium elkanii at protecting the plants from attack by soil pathogens.

Of the 225 plants evaluated by treatment to estimate the percentage of disease incidence, treatment 1 had a total
number of 160 diseased plants, and treatment 2, 3 and 4 had 176, 102 and 115 diseased plants, respectively.
These diseased plants had a 100% incidence of the pathogen Macrophomina phaseolina and an average of 20%
of the pathogen Fusarium spp., in all evaluated treatments.

Trichoderma spp. act against antagonistic fungi and bacteria in soybean plants, and certain lineages have a
stimulating effect on the growth and flowering of plants (Hoyos-Carvajal et al., 2009). Their addition to
autoclaved soil increased emergence and dry material of tomato and tobacco (Windham et al., 1986; Fernandes
et al., 2014). Another species that benefits from using microorganisms is cotton, which had a higher germination
percentage when treated with 7. harzianum, carboxin + thiram and carbendazin + thiram (Faria et al., 2003;
Machado et al., 2012).

For the variables apparent biological yield, straw yield and harvest index, variation among the treatments was
not observed. The variable legumes per healthy plant was higher for the treatments that included biological
strains of fungi and bacteria, but the treatments did not statistically differ. The chemical treatment Tiametoxan +
Fludioxonil + Fipronil had the lowest number of legumes (Table 4). GHP = Number of grains of healthy plants;
GDP = Number of grains of diseased plants; LHP = Number of legumes of healthy plants; LDP = Number of
legumes of diseased plants.
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Table 4. Number of legumes of healthy plants, number of legumes of diseased plants, number of grains of
healthy plants, number of legumes of diseased plants, submitted to different treatments of soybean seeds in the
control of soil pathogens

Variables

Treatments NLP NGP

HP DP HP DP
3 - CruisertMaximXL+Standak+SYS LL 84 a 64 a 182 a 139a
4 - Cruiser+tMaximXL+Standak+Trichodermil+SYS LL 92 a 43b 178 a 96 be
2 - Cruiser+MaximXL+Standak+Trichodermil 88 a 58 ab 202 a 118 ab
1 - Cruiser+tMaximXL+Standak 53b 47 ab 100 b 74 ¢
Average Overall 79 53 165 06
CV (%) 7 14 10 16

Note. Means with different letters in a column are statistically different (p < 0.05). CV (%): Coefficient of
variation; NLP: Number of legumes of plants; NGP: Number of grains of plants; HP: Healthy plants; DP:
Diseased plants.

The number of legumes per plant or per area is the most important component when looking for increased grain
yield. This is because the number of legumes varies greatly and can be influenced by phytosanitary management
and environmental conditions due to the phenotypic plasticity of soybeans. In addition, the quantity of legumes
depends on the quantity of flowers produced and pollinated during the reproductive period of the crop (Kriiger et
al., 2011).

The analysis of the number of legumes on the diseased plants showed that the treatment Tiametoxan +
Fludioxonil + Fipronil + Bradyrhizobium elkanii had a higher number of legumes per plant, but did not
statistically differ from the Tiametoxan + Fludioxonil + Fipronil + Trichoderma harzianum and Tiametoxan +
Fludioxonil + Fipronil treatments. The treatment with the lowest number of legumes was Tiametoxan +
Fludioxonil + Fipronil + Trichoderma harzianum + Bradyrhizobium elkanii.

The nodule count conducted in phase R, (full flowering) revealed a higher number of legumes per plant for the
treatment with SYS LL (B. elkanii + LCO). This result indicates that nodulation during full flowering is directly
linked to symbiotic nitrogen fixation for grain production, due to the high nutritional demand to produce protein
that represents about 46% of the seed’s weight. In a similar study, Brandelero, Peixoto, and Ralisch (2009) found
there was a significant correlation between grain yield of soybean cultivars and number and mass of nodules, and
demonstrated that more than 40% of the yield was correlated to nodulation.

For the variable grains per healthy plant the treatments were superior compared to the control, demonstrating that
using the microorganisms Bradyrhizobium and Trichoderma, besides keeping the soybeans sanitary by
controlling soil pathogens, helps increase grain productivity. The same thing happened for grains of diseased
plants, where the control that was not inoculated with the bacteria Bradyrhizobium or the biological fungicide
Trichoderma had the lowest number of grains. This fact suggests that using Bradyrhizobium to treat seeds
promotes an increase in N2 biological fixation by the plant and an increase in the production and translocation of
carbohydrates to the seeds, favoring productivity. Trichoderma offers a competitive advantage in the
colonization of the spermosphere and seedling roots, so that seedlings avoid parasitic attack (Mertz et al., 2009;
Machado et al., 2012), which justifies the lower severity of disease and higher grain yield for the treatments that
included it.

Among the yield components, the number of grains per legume was the least variable considering the treatment
combinations. This demonstrates a uniformity of genetic improvement in the search for more productive plants,
and that the plants have, on average, two seeds per legume. However, the incidence of pathogens on the crop can
decrease the necessary intake of nutrients, reducing the number seeds per legume (Mertz et al., 2009; Danelli et
al., 2011).

There was no significant difference between the average grain mass of healthy plants and diseased plants (Table
5), which is justified by the strong genetic dependence of this component that responded little to the
environmental conditions in the study. The same occurred for the weight of the healthy plants and weight of the
diseased plants, which did not statistically differ; the plants maintained their stature under both conditions and
varied only in the dry weight of the legumes due to the different seed treatments used.
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Table 5. Average mass grains healthy plants, average mass grains diseased plants, weight healthy plant, weight
diseased plant, submitted to different treatments of soybean seeds in the control of soil pathogens.

Variables

Treatments MTG MP

HP DP HP DP
3 - CruisertMaximXL+Standak+SYS LL 159 a 174 a 23 a 16 a
4 - CruisertMaximXL+Standak+Trichodermil+SYSLL 159 a 155a 26 a 12a
2 - Cruiser+tMaximXL+Standak+Trichodermil 156 a 160 a 2la 16 a
1 - Cruiser+tMaximXL+Standak 155a 173 a 20a 13a

‘AverageOveral 157 1m0 2 14

CV (%) 6 4 14 12

Note. Means with different letters in a column are statistically different (p < 0.05). CV (%): Coefficient of
variation; MTG: Mass of a thousand grains; MP: Mass of plants; HP: Healthy plants; DP: Diseased plants.

To elucidate the relationship between the base characters in the yield components of soybeans, Table 6 presents
the correlation analysis for the variables analyzed in this study. The coefficient of determination was high (0.80)
for most of the variables, indicating these data are well associated.

Table 6. Coefficients of the productivity correlation and components of soybean yield.

GY HI ABY SY HI LHP LDP GHP GDP MTGHP MTGDP WHP WDP

GY (Kg/ha)

DI (%) -0.677

ABY(kg/ha) 0.720  0.019
SY(Kg/ha)  0.261  0.492 0.781

HI (%) 0943  -0.718 0.576 0.251
LHP (n°) 0.606  -0.779  0.343 -0.094 0.820
LDP (n°) 0.402  0.252 0.724 0940 0483 0.243

GHP (n°) 0.511 -0.545  0.106 0.156 0.767 0949 0.484

GDP (n°) 0.711  -0.240 0.679 0.687 0.831 0.651 0.877 0.782

MTGHP (g) 0.951* -0.869 0477 -0.038 0.923 0.715 0.150 0.549 0.561
MTGDP (g) 0.046  0.649 0.704 0.727 -0.175 -0.669 0.458 -0.535 0.100 -0.231

WHP (n°) 0.702  -0.992* 0.034 -0.493 0.701 0.704 -0.286 0.452 0.196 0.886 -0.572
WDP (n°) 0.207  0.338 0.528 0.884 0.355 0252 0.967* 0.527 0.815 -0.020 0.333 -0.397
CV (%) 4 21 6 10 11 7 14 10 16 6 4 14 12

Note. *p £ 0.05 (F test); ns: p > 0.05 (F test). CV: Coefficient of variation (%); GY = Grain yield; DI = Diseases
incidence; MTGHP = Mass of one thousand grains of healthy plants; MTGDP = Mass of one thousand grains of
diseased plants; GHP = Number of grains of healthy plants; GDP = Number of grains of diseased plants; LHP =
Number of legumes of healthy plants; LDP = Number of legumes of diseased plants; WHP = Weight healthy
plant; WDP = Weight diseased plant; ABY = Apparent biological yield; SY = Straw yield; HI = Harvest index.

In the correlation between mass of one thousand grains of healthy plants and grain yield (MTGHP x GY), the
mass of healthy plants explains 95% of the grain yield among the treatments; this estimate is inflated by the
indirect effect of the number of legumes per plant (60.6%). Corroborating with the results of Nogueira et al.
(2012) and Leite et al. (2016), that observed a significant and positive correlation between the character grain
yield and number of legumes per plant in soybean, of 76.7% and 78.1%, respectively. The selection of material
via genetic improvement resulted in plants with greater grain mass, justifying the increase in grain yield. In
addition, according to the results in this study, managing diseases can indirectly lead to a higher number of
legumes, increasing the grain yield.

The weight of the healthy plants and disease incidence (WHP X DI), r = -0.99, is negatively correlated at a
significance of 5%, which reiterates the importance of healthy plants in the crop that, in addition to producing
more grain, are heavier and produce more dry material and organic material. The weight of the diseased plants
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and legumes of diseased plants (WDP % LDP), r = 0.97, corresponds to the number of diseased legumes;
however, the dry material of the legumes (straw) increases the total weight of the diseased plants.

Among all the yield components analyzed in this study, none had a higher correlation than the mass of one
thousand grains of healthy plants. This component revealed effects of 95% on grain yield, indicating that over
half of the total variation in grain yield was influenced by mass of a thousand grains. For Finoto et al. (2011),
there was an increment of 22% in grain yeld of soybean in the treatments that ensured the sanity of plants.
Similar results were also observed by Doreto et al. (2012), where the incidence of diseases in soybean plants
reduced 18.6% of the mass of a thousand grains. And for Silva Junior et al. (2009), the sanity of plants provided
increases of 13% in the mass of a thousand grains and 125% in grain yield of soybean. The treatments with
additional biological products, used individually or together (co-inoculated), had very significant values for
average grain mass of healthy plants. Based on the evaluations, the direct effects of the components legumes of
healthy plants and grains per healthy plant on grain yield are consistent enough to justify they have a closer
cause-effect relationship with grain yield.

4. Conclusion

The microorganism Bradyrhizobium elkanii, and the co-inoculation of Bradyrhizobium elkanii and Trichoderma
harzianum, resulted in higher grain yield and a significant difference between the direct components of the
soybean yield compared to the chemical treatment, which can be explained by the higher nodulation index and
lower disease incidence of the plants.

The components legumes per plant, grains per plant and mass of one thousand grains revealed the greatest cause
and effect on grain yield. The treatment comprising the combination of Tiametoxan, Fludioxonil and Fipronil
had a higher incidence of disease, lower grain yield and differed significantly in the direct evaluation of the
legume yield per plant and grains per plant components.
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