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Abstract

The use of biostimulants in the treatment of soybean seeds can provide beneficial effects on the crop due to the
synergism between the organic components present in products from natural compounds. Due to the scarcity of
results of research on biostimulants in the treatment of soybean seeds, the objective of this study was to evaluate
the effects of doses of a biostimulant in the treatment of seeds, on agronomic characteristics, productivity
components and profitability of soybean culture. Therefore, two experiments were carried out in the field in the
2016/17 and 2017/18 harvests, using a randomized block design with six replications and four treatments
referring to doses of 0.00; 0.05; 0.10; and 0.15 L 100 kg seeds”. The agronomic characteristics of soybeans,
grain yield and profitability of using the biostimulant were evaluated. From the obtained results, it can be seen
that the dose of 0.15 L 100 kg seeds” provided greater profitability in both harvests. In addition, doses above
0.12 L 100 kg seed” provide higher grain yields and a higher grain mass, in addition to other productivity
components.
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1. Introduction

The increase in national soy production in recent years is directly related to the adoption of new technologies in
crop management. In contrast, there is an increase in crop production costs, which results in profitability
reduction, even with an increase in grain productivity (Embrapa, 2017). In order to increase profitability in the
commercial exploration of soybeans, many producers have been looking for technologies that make it possible to
increase productivity and have a good cost to benefit ratio.

In this context, biostimulants appear as an interesting option for agricultural systems, due to the potential to
provide productivity increases, coupled with their low cost when compared to other agricultural inputs. These
factors have made this class of inputs increasingly more adopted in soybean crops (Santini et al., 2015).

When used in seed treatment, biostimulants can increase germination rate and seedling emergence, thus plant
standing, essential for obtaining a larger productivity (Carvalho, 2013). In addition, the adoption of these
products in seed treatment, when compared to foliar application, reduces the number of operations to be carried
out after the emergence of the crop. As a consequence, there is a reduction in the plant kneading in the crop and
in soil compaction (Ferreira et al., 2020), a reduction in the risk of losses due to spraying (Contiero et al., 2016),
beside saving machine, labor and time to spray the crop.

However, despite the wide dissemination of biostimulants of synthetic origin (Albrecht et al., 2011; Santini et al.,
2015; Yakhin et al., 2017), research studies have demonstrated benefits from the use of biostimulants derived
from natural compounds, especially those based on seaweed extract of Ascophyllum nodosum in soybean crops
(Carvalho, 2013; Aratijo, 2016; Andrade et al., 2020). It is known that this seaweed survives under variable
conditions of temperature and tidal waves, an environment that allows the accumulation of several organic
compounds such as amino acids, phytohormones, polyphenols, betaines, polysaccharides, fatty acids, steroids
and polyamines, in addition to macro and micronutrients in which they cause beneficial effects when applied to
agricultural crops (Craigie, 2011).
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In seed treatment, the use of products based on A. nodosum extract has promoted improvements in germination
and seedling establishment, in mobilization, absorption and partitioning of nutrients, in roots emission, in greater
growth of the shoot and chlorophyll content. Thus, these effects confer tolerance to biotic and abiotic stresses as
well, which has favored productivity increases (Sharma et al., 2014).

Despite being considered a promising technology, literature is scarce in regard to the use of biostimulants for
seed treatment on the agronomic characteristics of soybean grown in cerrado conditions. In this sense, the
present study aimed to evaluate the effects of doses of a biostimulant, based on A. nodosum in seed treatment, on
the agronomic characteristics, on the productivity components and on the profitability of the soybean crop grown
in cerrado edaphoclimatic conditions.

2. Materials and Methods

The field experiment was installed in the municipality of Montividiu, Goias, in agricultural years of 2016/17
(17°31.051'S; 051°12.933'W; at an altitude of 890 m) and 2017/18 (17°31.312'S; 51°13.275'W; at an elevation of
876 m asl.). The region's climate is classified as Aw (tropical climate with dry winter season) according to the
Koppen classification. Precipitation and average air temperature data during the tests are shown in Figure 1.
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Figure 1. Average values of precipitation (mm) and average air temperature (°C) during the conduction of the tests.
Montividiu-GO, 2016/17 and 2017/18 harvests

The soil of experimental area is a Red Latosol, and it was cultivated under no-tillage for twenty years, where
corn rotated with soybean. In both harvests, at sowing, soil samplings were taken at depths of 0 to 10 and 10 to
20 cm and interpreted according to Ribeiro et al. (1999) (Tables 1 and 2).

Table 1. Classification of soil attributes in the experimental area. Montividiu-GO, 2016/17 harvest

Depth Ca Mg K Al H+Al SB CEC pH P Base Sat. Alum. Sat. OM. Clay Silt Sand
—————————————————————————— cmol, dm™ -----eeeeeeeee- CaCl, mg dm® V% m% g i1 R 7/ GU—

0-10 cm 1.7M 05M 03H 01VL 41H 25M 67M 48M 68L 38L 45VL 42H 47 8 45

10-20 cm 12L 03L 02H 02L 3.6H 17L 53M 45L 49L 32L 12 VL 37M 47 8 45

Note. Soil attributes classified as very high (VH), high (H), medium (M), low (L) and very low (VL).

Table 2. Classification of soil attributes in the experimental area. Montividiu-GO, 2017/18 harvest

Depth Ca Mg K Al H+Al SB CEC pH P Base Sat. Alum. Sat. OM.  Clay Silt  Sand
——————————————————————————— cmol, dm™ - CaCl, mg dm?® V% m% g T 7 g——

0-10 cm 45 1 03 03 35 57 93 43 26 62 42 46 54 10 36

10-20 cm 1.8 03 02 03 47 23 7 39 8.9 33 11 32 57 8 35

Note. Soil attributes classified as very high (VH), high (H), medium (M), low (L) and very low (VL).
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In both years, a randomized block design was adopted, with four treatments and six repetitions. The treatments
corresponded to the use of increasing doses of the biostimulant Radifarm® (0.00; 0.05; 0.10; and 0.15 L 100 kg
seeds™) via seed treatment. This product is derived from natural compounds, having as ingredients urea,
potassium acetate, zinc chelate, vinasse and algae extract (4. nodosum). Its composition is characterized by
containing 10.0% C,,, 8.0% K,0, 3.0% N, 0.1% Zn and 78.9% inert ingredients (Valagro, 2018). The
experimental plots contained five lines 6.0 m long, spaced 0.5 m apart. The usable area was obtained taking into
account the two central lines, disregarding 0.5 m from each end, thus presenting 5.0 m?.

For the first harvest, the cultivar TMG 7062 IPRO® (maturation group 6.2 and semi-determined growth habit)
was planted at the rate of 260000 seeds ha™'. For the second harvest, due to seed availability in the market and
the representativeness of cultivation in the region, the cultivar M7110 IPRO® (maturation group 6.8 and
indeterminate growth habit) was planted at the reate of 440000 seeds ha™.

The biostimulant was applied via seed treatmentin samples of 4.0 kg of seeds, which were packed in plastic bags
for homogenization and drying. Sowing was carried out mechanically using a five-row pneumatic seeder. This
operation was carried out after the rainy season in the region, which occurred on October 21, 2016 and October
30, 2017, for the first and second year of experiment, respectively. In order not to affect the development of
plants, phytosanitary management (control of weeds, pests and diseases) was carried out according to the needs
of the crop.

The harvest took place on February 16, 2017 (118 days after emergence-DAE) for the first harvest, while on the
second it was carried out on February 17, 2018 (105 DAE). of the following measuremnts were taken: grain
yield (harvesting of the plants, threshing the pods and weighing the grains with humidity correction to 13%),
mass of one thousand grains (counting and subsequent weighing of the thousand grains from the productivity
sample, with humidity correction to 13%), number of grains per plant (count of the number of grains in five
plants chosen at random), number of pods on the main, secondary and total stems (count of the number of pods
on the main and secondary stems, as well as the number of total pods on five plants chosen at random), number
of branches (counting the number of secondary stems on five plants chosen at random), plant population
(counting the number of plants) and plant height and insertion height of the first pod (measurement of the neck to
the end of the last trefoil and insertion of the first pod, respectively, in five plants chosen at random).

To determine the profitability of using the biostimulant (Equation 1), the value of the 60 kg bag of soybeans of
US$ 21.69 and US$ 18.57 for the 2016/17 and 2017/18 harvests was taken into account, respectively. The cost of
applying the Radifarm™ biostimulant in the doses of the respective treatments was also considered, when the trial
was implemented (U$ 30.80 and US$ 33.23 for the 2016/17 and 2017/18 harvests, respectively). The values used
to make the profitability of using the biostimulant were obtained from retailers located in the city of Rio Verde,
Goias.

PROD Tratam(i) — PROD Test

60

Where, PROD Treat (i): grain yield in each dose of the biostimulant; PROD Test: grain yield of the control
treatment (dose 0.00 L 100 kg seeds™).

All data were subjected to analysis of variance using the F test (except for the profitability variable). When
significance was found, polynomial regression analysis was used to compare treatment averages.

3. Results
3.1 Harvest 2016/17

The results obtained in the first harvest allowed to verify the effects of the doses of the biostimulant for grain
productivity and mass of a thousand grains (Table 3).

RENT =

x Value of soybean per bag (1)
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Table 3. Summary of the analysis of variance and average values of grain yield (PROD), thousand grain mass
(MMG), number of grains per plant (NGP), pods on the main (NVP), secondary (NVS) and total (NVT), number
of branches (RAM), population (POP) and plant heights (AP) and insertion of the first pod (AIV) of the soybean
seed treatment trial with algae extract biostimulant. Montividiu-GO, 2016/17 harvest

Variation sources GL PROD (kgha') MMG (g) NGP NVP NVS NVT
Blocs 5 ns 1S ns ns ns ns
Treatments 3 * * " " " "
Variation Coef. (%) 5.12 2.88 15.32 51.19 17.30 27.11
Means 5.000 197.0 113.0 18.0 32.0 50.0

‘Reg. Linear 1 *(R2035  ™(R20.08) ™(R*0.64) ™(R20.00) ™(R20.08) ™(R*0.01)
Reg. Quadratic 1 *(R20.99) *(R20.82) ™(R?0.65) ™ (R?0.00) ™(R?0.34) ™ (R?0.08)
Variation sources GL RAM POP (plants ha™) AP (cm) AlIV (cm)
Blocs e s * *
Treatments 3 e s e e
Variation Coef. (%) 31.64 13.35 4.84 6.44

Means 3.0 228.021 72.2 11.9

‘Reg. Linear 1 ™®R005 ™((R20.05) S(R20.27) (R20.85)
Reg. Quadratic 1 "(R20.05) "(R20.79) "(R20.77) " (R20.88)

Note. * and ns: significant at 5% probability and not significant, respectively, by the F test. GL: degrees of
freedom.

Increases in the productivity of soybeans could be seen due to the effects of the biostimulant in doses greater
than 0.58 L 100 kg seeds™ (Figure 2). It is noteworthy that doses above 0.12 L 100 kg seeds” made it possible to
obtain higher values in relation to the control. In addition, the productivity obtained in the highest dose of the
biostimulant was the one that provided the greatest increase in grain productivity in relation to the control (9.5%).
This increase is attributed to the increase in grain mass with the increase in the doses of the biostimulant (Figure
3). In this case, values of this component of soybean yield were higher in relation to the control from the dose of
0.13 L 100 kg of seeds™. On the other hand, the other agronomic characteristics were not influenced by the doses
of the biostimulant (Table 3).
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A y=4998,60 - 11285,00x + 96897,00x%; R 0,09 **
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Figure 2. Polynomial regression of grain yield as a function of the doses of an algae extract based biostimulant in
the treatment of soybean seeds. Montividiu-GO, 2016/17 harvest
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Figure 3. Polynomial regression of the mass of a thousand grains as a function of the doses of a biostimulant
based on algae extract in the treatment of soybean seeds. Montividiu-GO, 2016/17 harvest

Despite the increase in the cost of application with the increase in product doses, the highest profitability values
were observed in the highest dose (Figure 4). This result, as well as that of grain productivity, indicates the need
to evaluate the agronomic performance of soybeans for doses above 0.15 L 100 kg seeds™.
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(150.00) - (121.37)
Doses Radifarm® (L 100 kg seeds™)

Figure 4. Average profitability values as a function of the doses of algae extract based on the treatment of
soybean seeds. Montividiu-GO, 2016/17 harvest

3.2 Harvest 2017/18

In the second year testing, the results allowed the verification of the effects of the biostimulant doses for the
variables mass of a thousand grains, number of pods on the secondary stems and total and plant height (Table 4).
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Table 4. Summary of the analysis of variance and average values of grain yield (GY), thousand grain mass
(TGM), number of grains per plant (NGP), pods on the main branch (PMB), secondary (PSB) and total (PT),
number of branches (NB), population (Pop), plant height (PH) and insertion of the first pod (IFP) of the soybean
seed treatment trial with algae extract biostimulant. Montividiu-GO, 2017/18 harvest

Variation sources GL GY (kgha') TMG (g) NGP PMB PSB PT
Blocs 5 " m e m * "
Treatments 3 " * " " * *
Variation Coef. (%) 5.69 2.44 9.06 16.62 22.47 13.18
Means 4.632 195.8 59.0 20.0 13.0 33.0
‘Reg. Linear 1 ™(R20.00) ™(R*041) ™(R2023) ™(R20.15) ™(R*0.02) ™(R®0.08)
Reg. Quadratic 1 " (R?0.64) "(R20.74) ™(R?0.23) ™(R*044) *(R20.97) *(R*0.79)
Variation sources GL NB Pop (plants ha™) PH (cm) IFP (cm)
Blocs 5 * " " "
Treatments 3 " " * "
Variation Coef. (%) 10.86 7.43 6.17 12.89
Means 4.0 406.250 78.3 134
Reg. Linear 1 ™(R2035) “(R2034) *(R2026) S(R2043)
Reg. Quadratic 1 "(R? 1.00) " (R20.53) *(R20.72) "(R20.54)

Note. * and ns: significant at 5% probability and not significant, respectively, by the F test. GL: degrees of
freedom.

Despite the effects of the doses of the biostimulant on the mass of a thousand grains in both harvests, it was not
possible to adjust a statistical model in the second harvest (Figure 5). Even so, it was found that the values
obtained for the mass of a thousand grains with the use of the biostimulant were higher in relation to the control.
Dosing effects were also observed for other agronomic characteristics, with emphasis on the increase in the
number of pods on the secondary stems and of total pods (Figure 6).

207.0 1
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204.0 A

201.0 A

1980 4 198.8 A
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Figure 5. Polynomial regression of the mass of a thousand grains as a function of the doses of a biostimulant
based on algae extract in the treatment of soybean seeds. Montividiu-GO, 2017/18 harvest
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Figure 6. Polynomial regression of the number of pods on the secondary (NVS) and total (NVT) stems as a
function of the doses of an algae extract biostimulant in the treatment of soybean seeds.
Montividiu-GO, 2017/18 harvest

Similarly, increasing the dose of the biostimulant to 0.09 L 100 kg seeds™ provided greater plant height (Figure
7). This effect may be related to the presence of hormonal precursors from A. nodosum extracts present in the
biostimulant, in which they act in the increase of cell expansion and growth. On the other hand, doses above 0.09
L 100 kg seeds™ caused a reduction in the size of the plants, but with values higher than the control.

93.0 1
& y=71,40+251,36x - 1369,40x?; R* 0,72

ok

Plant height (cm)

0.00 0.05 0.10 0.15
Radifarm® doses (L 100 kg seeds™)
Figure 7. Polynomial regression of plant height as a function of doses of an algae extract biostimulant in the
treatment of soybean seeds. Montividiu-GO, 2017/18 harvest

4. Discussion
4.1 Harvest 2016/17

As observed by Carvalho (2013), increasing doses of biostimulant in seed treatment influenced the components
of soybean productivity. The increase in grain productivity due to the increase in biostimulant doses is related to
the action of organic compounds present in the product, as previously highlighted, in which they stimulate the
plant's metabolic processes (Aratijo, 2016; Hidangmayum & Sharma, 2017; Kocira et al., 2018). In addition, the
product provides an increase in the development of the seedling root system, attributed to the presence of
analogues to phytohormones and hormonal precursors (Petrozza et al., 2013). This effect allows for an increase
in the absorption of water and nutrients at the beginning of seedling development, which favors grain filling
(Colombi et al., 2017) in advanced stages of soy maturation, as was observed in the work.

On the other hand, it is also necessary to highlight the importance of the presence of potassium in the
composition of the biostimulant. This element is responsible for acting on the enzymatic activation of various
physiological processes of the plant, in addition to the transport and partitioning of photoassimilates in the
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phloem (Marschner, 2012). The presence of the element in question may also have contributed to the increase in
grain filling, especially in treatments with higher doses of the biostimulant. However, it is necessary to reiterate
that the stimulating effect of products derived from algae extract is not attributed only to the presence of a
specific compound, but to the synergism between the organic compounds present in the product formulation,
combining the presence of nutrients (Wally et al., 2013; Tandon & Dubey, 2015).

4.2 Harvest 2017/18

The different results of the effects of doses on the characteristics evaluated between harvests are probably
attributed to differences in climatic conditions (Figure 1).

In the second harvest, the greatest volume and uniformity in the distribution of rain is noticeable, especially in
December (Figure 1), a period in which the plants were at the beginning of pod formation. Therefore, greater
availability of rainfall is essential when soybean plants are then in the reproductive phase. In these conditions,
the lack of water in the soil, common for short dry-spells in the region, drastically affects grain filling (Zanon et
al., 2018), thus reducing crop productivity.

Similarly, Albrecht et al. (2011) observed effects on the grain yield of a synthetic bioregulator, used in the
treatment of soybean seeds, only in conditions of less precipitation. This may be related to the ability of
biostimulants to increase plants tolerance to water stress (Santaniello et al., 2017). Consequently, there is an
increase in the activity levels of certain antioxidant enzymes, such as superoxide dismutase, ascorbate peroxidase
and catalase (Zhang & Ervin, 2004; Santaniello et al., 2017). Since the biostimulant used at work potentiates the
stimulation of root production (Petrozza et al., 2013), consequently there is a greater absorption of water and
nutrients by the plant. Therefore, in this situation it is possible that in conditions of less rainfall or irregular
rainfall distribution, it is more common to find the beneficial effects of the product for grain productivity in
soybean culture.

The hormonal balance in the plant, in which higher doses of the biostimulant can induce greater root growth
instead of aerial part in the initial stages of development, as previously reported, may have been the main cause
of the reduction in the size of soybean plants. This leads to the belief that changes in the concentration of
phytohormones in the plant can alter cell development and expansion, causing the plant to develop more roots
than shoots (Taiz et al., 2015).

Often the reduction in soybean plant size, as seen from the dose of 0.09 L 100 kg seeds™, is advantageous for
soybean cultivation, even though there is no increase in grain productivity. Plants of shorter height are less
susceptible to lodging, and sometimes have a greater number of nodes, which in turn provides greater grain yield
(Brush & Karnani, 1996), which was not observed in the study.

Although there was no effect of the biostimulant on grain productivity in the 2017/18 crop, the use of the highest
dose was the one that provided the greatest economic profitability (Figure 8). Associated with the results of the
previous harvest, it is possible to infer that seed treatment with the dose of 0.15 L 100 kg seeds” can be
considered as an interesting practice when profitability increases are desired in the cultivation of soybeans in
Cerrado. In addition, this fact is more evident mainly in years with less rainfall distribution, especially when
plants are at the beginning of the reproductive phase. Thus, biostimulant use in the aforementioned dose presents
itself as having the greatest potential for the soybean seed treatment aiming at greater productive stability of the
crop.
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Figure 8. Average profitability values as a function of the doses of an algae extract based biostimulant in the
treatment of soybean seeds. Montividiu-GO, 2017/18 harvest

5. Conclusions

The use of the biostimulant Radifarm®, in the dose of 0.15 L 100 kg seeds™, is a strategy to increase profitability
of soybean cultivated in Cerrado, with greater economic return in years of lower rainfall.
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