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Abstract

The protection conferred via chemical treatment of seeds is indispensable to the normal development of crops,
with a view to the best use of its productive potential. The objective of this study was to evaluate the soybean
crop response, cultivate ‘FTS Paragominas RR’, to seed treatment. The study was conducted in an experimental
area of the Center of Agrarian and Environmental Sciences of the Federal University of Maranhdo, in
Chapadinha (MA), from February to June 2018. A randomized complete block design was used, with split-plot in
time. The plots consisted of five seed treatments: thiophanate-methyl + fluazinam fungicides, fludioxonil,
carbendazim + thiram, the insecticide fipronil and the absence of the application. Throughout the crop cycle the
agronomic characteristics were verified: plant height, stem diameter, and leaf area. And, at the time of harvesting,
grain yield, the height of insertion of the first pod, the total number of pods and weight of 1000 grains. Seed
treatments induced very variable responses on the growth and development of soybean ‘FTS Paragominas RR’.
The best performances were obtained with the use of thiophanate-methyl + fluazinam fungicides (dose 198 mL)
and fludioxonil (dose 200 mL). The application of carbendazim + thiram and fipronil, both at a dose of 200 mL,
presented adverse effects throughout the vegetative and reproductive phases of soybean ‘FTS Paragominas RR’.
None of the products provided significant increases in grain yield.

Keywords: Cerrado of Maranhdo state, fungicide, Glycine max (L.) Merrill., insecticide, east region of
Maranhdo state

1. Introduction

The soybean [Glycine max (L.) Merrill.] has been highlighted in the Brazilian agricultural scenario, as one of the
segments that has grown the most in the last three decades and is equivalent to 57% of the area planted in grains
in the country. Thus, it is considered, among other crops, one of the greater economic importance of agribusiness
(Peixoto et al., 2018).

The national production, in the 2017/2018 harvest, totaled 118 million tons, an increase of 3.5% compared to the
2016/2017 harvest. The area cultivated was 35.1 million hectares, resulting in mean productivity of 3.4 tons ha™,
of which 58.4 million tons were exported, giving Brazil the leadership of world grain exports (Korber et al.,
2017; Companhia Nacional de Abastecimento [CONAB], 2018).

The center-west region presents the highest contribution of total production, responsible for 46.8% of what is
produced internally in 46.1% of the total explored area with soybean (Leal et al., 2015). The Northeast estimates
a cultivated area of 3,264.4 thousand hectares, with the production of 11,470.8 thousand tons and mean
productivity of 3,514 kg ha'! (Petter et al., 2014; CONAB, 2018). In this region, the state of Bahia excelled for
its expressive production, followed by Maranhdo and Piaui.

It is attributed the expansion of productivity to the technological advances, the innovations in production systems,
to the development and structuring of the international market, to the consolidation of soybean as a source of
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vegetable protein and the generation of new technologies that enabled the expansion of exploration in several
regions of the world (Hirakuri & Lazzarotto, 2014; Marcon et al., 2017).

According to Artuzo et al. (2018), the growth of soybean cultivation in Brazil has always been associated with
scientific advances in the productive sector and whose efficiency in the production and uniformity of the plant
population is conditioned to the use of good quality seeds. Carvalho and Novembre (2011), claim that the
physiological quality of the seed infers the ability to perform vital functions, such as germination, vigor, and
longevity, and ensure the percentage and uniformity of seedling emergence.

In this sense, the seed treatment technique excelled as a technological tool of great importance in the protection
of agriculture, to improve and maintain its quality, performing a primary role in protecting seed against pests
and/or phytopathogens. This contributes to the germination and emergence processes, as well as to the
development of more vigorous seedlings (Buzzerio, 2010; Balardin et al., 2011).

In seed treatments, the substances applied to them, in general, aim the denominated phytotonic effect,
characterized by beneficial advantages in the growth and development of plants (Schoeninger, 2014). According
to Franga-Neto et al. (2016), seed treatment with fungicides offers a guarantee of the better establishment of the
plant population, by controlling important pathogens transmitted by seeds, reducing their introduction in indene
areas.

According to Dan et al. (2010), the use of insecticides in seed treatment is also an important alternative to avoid
possible losses due to the action of soil pests and the aerial part, which damage seeds and young seedlings, with
losses in crop yield. Consequently, occur economic damage and posterior increase in costs for the corrective
control of pests.

Although the beneficial effects of seed treatment for disease/pest control are reported, there are many unknowns
about its interference in growth and production of plants, notably the soybeans, which is one of the main
seed-propagated crops in the world. In Maranhdo, these studies are even more scarce, regardless of the
prominence that the state has won the Brazilian soybean crop.

Thus, the objective of this study was to evaluate the response of soybean cultivar ‘FTS Paragominas RR’ to the
treatment of seeds with different fungicides and an insecticide.

2. Material and Methods

The study was conducted in an experimental area of the Center of Agrarian and Environmental Sciences of the
Federal University of Maranhao, located in the municipality of Chapadinha, Maranhdo, with a geographical
coordinate of 3°44' S of latitude, 43°21' W of longitude and an average altitude of 105 meters. According to
Thornthwaite, the climate is C,s;A’a’ type, in other words, sub-humid, mesothermic with marked water
deficiency in the summer, average annual temperature of 27.9 °C and annual precipitation of 1613 mm (Passos et
al., 2016).

The predominant vegetation of the study region is of Cerrado type, with a diversified floristic composition and
passing through forms such as closed, sealed, typical and dense cerrado (Instituto Brasileiro de Geografia e
Estatistica [IBGE], 2012). The predominant types of soils are Latosols, Argisols, Plinthosol, and Planosols
(Empresa Brasileira de Pesquisa Agropecuaria [EMBRAPA], 1999).

The research was developed with the cultivar ‘FTS Paragominas RR’, implanted in the agricultural year of
2017/2018, with sowing performed in February and the desiccation in June 2018. The cv. ‘FTS Paragominas RR’,
created by the Company FT seeds, presents high productive potential (on average 3600 kg ha™"), wide adaptation
and stability, excellent root health and rusticity; it has a particular type of growth, height between 80 and 110
centimeters, cycle variable from 140 to 145 days, recommended for low to medium fertility soils (FTS, 2009;
Reges, 2018).

The experiment was conducted in a randomized complete block design, with time subdivided in plots. The plots
consisted of five treatments of seed and the subplots for three periods of different measurements. Each treatment
contained four replicates, making up twenty experimental units (in the plots). The seed treatments consisted of
the application of three fungicides [Thiophanate-methyl + fluazinam (dose 198 mL per 100 kg of seed),
Fludioxonil (dose 200 mL per 100 kg seed) and carbendazim + thiram (200 mL per 100 kg seed)], an insecticide
[Fipronil (dose, 200 mL for 100 kg of seeds) and control (absence of application)]. The above-mentioned doses
were those recommended by the manufacturers in the package leaflet.

The seeds were treated in the Plant Ecophysiology Laboratory, where the dose of each chemical is diluted in
distilled water until obtaining a homogeneous syrup that was added to the seeds in plastic bags with a capacity of
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2 kg. The mixture was stirred for 4 minutes to provide complete coating and uniformity of treatments on the seed
mass.

At sowing, the inoculation of soybean seeds with bacteria of the genus Bradyrhizobium, from commercial liquid
inoculant (formulated in a liquid medium) was performed. The inoculant presented the strains SEMIA 5079 and
SEMIA 5019, which are recommended for the soybean. The experimental plots had a fixed rectangular size of
3.0 x 4.0 m, with a usable area composed of fourteen plants per linear meter, the line spacing of 50.0 cm and a
total of ten lines.

Throughout the crop cycle, the following agronomic characteristics were verified: plant height (AP), stem
diameter (DC) and leaf area (FA). For this purpose, 10 plants were randomly selected from each replicate of the
treatments, carefully identified in contiguous rows.

The estimates of the variables were performed in periods of 35, 50 and 65 days after sowing (DAS), which
featured three regular measurements spaced over a period of 15 days and ceased after 65 DAS.

Plant height (cm) was measured using millimeter tape, given by the average distance between the soil surface
and the caulinar apex. The diameter of the stem (mm) was intermediate of digital calipers, positioned in the
elevation of the cotyledon node in orientation contrary to the insertion of these. Leaf area (cm?) was estimated by
the indirect and non-destructive method, using Imagel®™ software and basic assumptions of digital image
processing, whose complete functional structure is described by Henten and Bontsema (1995). The acquisition
and digitalization of the foliar surface were done through a digital camera, with a maximum resolution of 14 MP.
Each leaflet was fixed on the sheet of white A4 paper (contrasting surface), in which there was a rectangle
graduated in centimeters, for the establishment of the conversion scale between pixel and centimeters.

After desiccation, thirty plants were harvested, at random, in the useful area of each experimental plot and,
according to the treatments, were performed quantification of productivity variables (P), 1000 grain weight
(PMGQG), height of insertion of the first pod (AIPV) and total number of pods (NTV), in the Plant Ecophysiology
Laboratory of the respective campus. For statistical inferences, in this case, it considered the experimental
randomized block design with 5 replications and 4 treatments composed of the arithmetic mean of thirty plants.

The grain yield (kg ha™) was calculated through the area occupied by the harvested plants, where the total
volume of grains in a precision scale was weighed and the transformed values for kg ha”'. The variable height of
insertion of the first pod (cm) was measured using the tape arranged parallel to the main stem of the plant, given
by the distance from the colon to the lower end of the first legume.

The total number of pods was characterized by manual counting of pods per plants, and at the end, the total
amount of these was added, according to the treatments analyzed. The weight of 1000 grains (g) was obtained
from the counting and separation of one thousand grains per plot, manually, with posterior weighing in a digital
scale with an accuracy of £0.01 g.

The data were submitted to the analysis of variance, with the application of the student t-test at 5% of
significance, to compare the means. The statistical analyses were performed with the help of Sisvar 5.6 software
(Ferreira, 2008).

3. Results and Discussion

According to the results of the analysis of variance, there were significant effects of seed treatments and
evaluation time on plant height (AP), stem diameter (DC) and leaf area (FA). Both in individual effects and an
interaction (p < 0.05) (Table 1).

Table 1. Calculated F results for plant height, leaf area, and stem diameter, for soybeans submitted to different seed
treatments

o Calculated F
Sources of Variation - -
Plant height Stem Diameter Leaf Area
TS 18.537" 28.663" 6.692"
Time 218.656" 12.128" 26.997"
TS X Time 3.205" 3.179" 4572"

Note. * Significant at 5%, by analysis of variance; TS-Seed treatment.
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The mean plant height (AP) dynamics, for the cultivation of soybean cv. ‘FTS Paragominas RR’, according to
the treatments analyzed, for periods and between periods of estimation (unfolding), is presented in Table 2.

Table 2. Interaction of seed treatment x time, for plant height of the soybean crop, at 35, 50 and 65 days after
sowing

Seed Treatment Plant height (cm)
35 DAS 50 DAS 65 DAS
Thiophanate-methyl + fluazinam 35.72ABb 47.57Ba 51.07Ba
Fludioxonil 38.70Ab 56.40Aa 59.00Aa
Carbendazim + thiram 31.60BCc 37.05Db 46.00Ca
Fipronil 30.02Cc 41.70CDb 45.77Ca
Control 31.10BCb 43.90BCa 46.70BCa
DMS,(TS) ] DMS, (Time) ~ CV,(TS)  CV,(Time)
4.719 3.718 10.14 5.95

Note. Means followed by equal letters, capitals in the columns and lowercase in the rows, do not differ by the t
test at 5% significance; DMS; (TS) and DMS, (Time)-Minimum significant difference for seed treatment and
time, respectively; CV; (TS) and CV, (Time)-Coefficient of variation (%) for treatment of seed and time,
respectively.

At the initial stage of development, after 35 DAS, it was observed that the soybean seeds treated with the active
ingredients fludioxonil (dose, 200 mL per 100 kg of seeds), both fungicides, produced plants with higher average
height (38.70 and 35.72 cm, respectively) and statistically equivalent to each other. However, the insecticide based
on fipronil (dose, 200 mL per 100 kg of seeds) induced a lower size (30.02 cm) and similar to the fungicide
carbendazim + thiram (Table 2).

For a period of 50 days after sowing, similarly to the previous measurement, the use of fludioxonil excelled
between the others, with a plant height of 56.40 cm, on average (Table 2). Whereas, the active ingredient
insecticide fipronil and the control treatment, represented the intermediate performance, with statistical similarity.
At 65 days from sowing, again, beneficial influence for the size of plants from the application of the active product
fludioxonil was measured, mean of 59.00 cm, differing from the remaining treatments (p < 0.05), (Table 2).

In agreement with the initial evaluations, it was noted worst yields high, for the use of fipronil and carbendazim +
thiram. Inhibitory effects of seed treatment are also reported in the literature. Dan et al. (2012) observed symptoms
of phytotoxicity for soybean plants, at 30 days after sowing, the occurrence of seeds treated with insecticides,
which resulted in a significant reduction in the average height of the crop.

Menten and Moraes (2010) advocated the mixing of fungicides of different modes of action, in order to increase
the number of targets to be controlled and resistance management prolonging the lifetime of the assets. However,
the combination of carbendazim + thiram (200 mL of p.a. to 100 kg of seeds) culminated in a phytotoxic effect on
soybean growth at 50 DAS, with the lowest average (37.05 cm), underlying the absence of application (p < 0.05).
Similar to what occurred in the present study.

Nonogaki et al. (2010) explained that seed treatment promotes increases in germination and plant growth, due to
the improvement of the enzymatic activity and smooth functioning of the cell membranes that are indispensable
for the germination, as well as they interfere with the synthesis and degradation compounds for the mobilization of
reserves, as well as expansion, cell division and growth, occurring during germination. In this context, the use of
doses and inadequate mixtures may culminate in unexpected negative effects, similar was reported for some tested
active principles in relation to plant height.

Pereira et al. (2009), reported that thiophanate-methyl had a detrimental effect on the percentage of emergence,
index of emergence speed and height of soybean plants, which contradicts the observations of the present study.

The mean diameter of the stem (DC), for the plants originating from the seeds submitted to the contact of the
phytosanitary products studied, unfolding between time and seed treatment, are shown in Table 3.
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Table 3. Interaction seed treatment x time, for the variable stem diameter of the soybean crop at 35, 50 and 65
days after sowing

Stem Diameter (mm
Seed Treatment (mm)

35 DAS 50 DAS 65 DAS
Thiophanate-methyl + fluazinam 7.42ABa 8.27ABa 8.22Ba
Fludioxonil 7.40Ba 7.02Ca 8.17Ba
Carbendazim + thiram 7.50ABa 7.57BCa 8.67Ba
Fipronil 8.55Ab 9.22Aab 10.30Aa
Control 7.25Ba 4.62Db 7.65Ba
DMS; (TS) DMS,; (Time) CV, (TS) CV, (Time)
1.138 1.239 8.43 10.81

Note. Means followed by equal letters, capitals in the columns and lowercase in the rows, do not differ by the t
test at 5% significance; DMS; (TS) and DMS, (Time)-Minimum significant difference for seed treatment and
time, respectively; CV; (TS) and CV, (Time)-Coefficient of variation (%) for treatment of seed and time,
respectively.

At 35 days after sowing, it was verified that plants whose seeds were treated with the insecticide fipronil (dose, 200
mL for 100 kg of seeds) and the fungicides carbendazim + thiram (200 mL for 100 kg of seeds) and methyl
thiophanate + fluazinam (dose, 198 mL per 100 kg of seeds), presented the highest means of stem diameter (8.55,
7.50 and 7.42 mm, respectively), which did not differ statistically from each other. The absence of treatment was
inferior to all active principles tested (7.25 mm).

The subsequent computation (50 DAS) corroborated with the previous and related the insecticide fipronil to plants
with a higher diameter (9.22 mm) and analogous to the fungicide thiophanate-methyl + fluazinam, mean of 8.27
mm (Table 3). The control was negatively differentiated from the tested pesticides, with a mean diameter of 4.62
mm.

These results diverge with Cunha et al. (2015), who did not report changes in stem diameter, when assessing the
effect of treatment of soybean seeds with fludioxonil, thiophanate-methyl and fipronil at 15, 30 and 45 days after
emergence.

After 65 days from sowing, it was also observed that the application of fipronil resulted in plants with a greater
thickness (10.30 mm). The lowest absolute response occurred for the absence of an application, whose mean was 7.
These results diverge with Masson et al. (2015) who did not notice statistical differences for stem diameter when
investigating the efficacy of insecticide application in the treatment of soybean seeds. Possibly, this occurred due
to the phenological phase (R3) analyzed by the authors, in which the effects of the active principles can be omitted,
in relation to the initial startup.

In relation to estimates during the vegetative growth, i.e., among the regular periods, there was a significant
increase in stem diameter only for the insecticide fipronil and only between 35 and 65 DAS. The control showed a
decrease to 50 DAS, with statistical significance. The treatments with Thiophanate-methyl + fluazinam,
fludioxonil, and carbendazim + thiram did not respond to the action of the active principles, for the stem diameter,
between periods of measurements (p > 0.05) (Table 3). Therefore, the results indicate that the insecticide presented
a greater effect on stem horizontalization, while the fungicides expressed greater interference on the
verticalization.

In Table 4 are presented the means obtained for the foliar area (FA) of the soybean ‘FTS Paragominas RR’,
resulting from the different seed treatments (TS), throughout the crop cycle, by and between periods of
measurements (unfolding) estimated through Imagel]® and digital imaging assumptions.
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Table 4. Interaction seed treatment plot x time, for the variable leaf area of the soybean crop at 35, 50 and 65
days after sowing

Seed Treatment Leaf Area (cr)

35DAS 50 DAS 65 DAS
Thiophanate-methyl + fluazinam 53.70Aa 40.82BCb 36.92ABb
Fludioxonil 45.80Bb 51.62Aa 40.30Ab
Carbendazim + thiram 45.07Ba 39.90BCa 31.92Bb
Fipronil 44.27Ba 41.27Ba 42.47Aa
Control 40.45Ba 34.80Cab 32.37Bb
DMS;, (TS) DMS, (Time) CV, (TS) CV, (Time)
6,394 5.696 12.95 9.42

Note. Means followed by equal letters, capitals in the columns and lowercase in the rows, do not differ by the t
test at 5% significance; DMS; (TS) and DMS, (Time)-Minimum significant difference for seed treatment and
time, respectively; CV; (TS) and CV, (Time)-Coefficient of variation (%) for treatment of seed and time,
respectively.

The leaf area (AF) represents the light interception apparatus for photosynthesis and is a characteristic used in
analyzes of plant growth (Cunha et al., 2010). It is essential for the production of carbohydrates, lipids and
proteins by the plant (Coelho et al., 2010). In this sense, the leaf area of a culture allows to infer about the
photosynthetic potential, besides being widely known to be a parameter indicative of Productivity (Zeist et al.,
2014).

The results indicated that the use of active ingredient fungicide thiophanate-methyl + fluazinam (198 mL dose),
provided the highest leaf yield at 35 DAS, with a value of 53.70 cm?, a significant difference from the others.
The control measured the lowest absolute leaf surface (40.45 cm?).

Based on the larger leaf surface, it is assumed that plants originated from seeds treated with the active product
thiophanate-methyl + fluazinam, would present greater accumulation of photoassimilates to invest in the own
vegetative growth and, posteriorly, translocate them for grain production, according to each phenological stage
of the crop and source-drain relationship.

At 50 DAS, opposing the initial analysis, the fungicide fludioxonil base, at a dose of 200 mL per 100 kg of seed,
provided a leaf area superior to the others (p < 0.05), with a mean surface area of 51.62 cm?. The absence of
application quantified the lowest estimate (34.80 cm?), together with the active product carbendazim + thiram
(39.90 cm?), statistically analogous.

The posterior measurements (65 DAS) of ‘FTS Paragominas RR’ soybean indicated that the application of the
active product insecticide fipronil (200 mL dose) induced a higher absolute leaf area (42.47 cm?), followed by
fludioxonil and thiophanate-methyl + fluazinam (all statistically equivalent to each other). The fungicide
carbendazim + thiram (dose 200 mL) evidenced the lowest average leaf yield (31.92 cm?), but did not differ
statistically from the absence of treatment (32.37 cm?).

With reference to the experimental accuracy of the scientific, it was found variability (by evaluation season) of
12.95%, slightly above average for agronomic characteristics plant height and stem diameter.

Among leaf area evaluations, it was observed a significant reduction for almost all seed treatments, to the
restriction of treatment with fipronil insecticide (Table 4). According to Silva (2001), the decrease of leaf arca
helps in the knowledge of the source-drain relation and translates into immediate practical results, such as
evaluation of grain yield, yield effect with anticipated harvesting, simulation of pest or disease attack, and
damage caused by hail.

In absolute terms, between 35 and 65 DAS the fungicide thiophanate-methyl + fluazinam promoted a more
expressive decrease (16.78 cm?). Followed by carbendazim + thiram, which estimated reduction of 13.15 cm?, in
the mentioned period. The insecticide fipronil estimated decline of only 1.8 cm? and not significant by the t test
at 5%. Monteiro et al. (2005) Affirmed that the value of AF depends on the number and size of the leaves and
their residence time in the plant, that is, it will vary throughout the crop cycle.

In this study, the reduction of leaf area is associated to the reproductive phase, in which the plants destine the
photoassimilates for flowers, fruits and seeds, defined as strong drains.
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The estimated agronomic characteristics at the time of harvest as well as the summary of the analysis of variance
are presented in Table 5. Except for grain production (P), significant responses to height of first pod insertion
(AIPV), total number of pods (NTV) and weight of 1000 grains (PMG) were observed.

Table 5. Height of first pod insertion (AIPV), total number of pods (NTV), weight of 1000 grains (PMG) and grain
yield (P) of soybean according to different seed treatments

Variables

Seed Treatment AIPV (cm) NTV PMG (g) P (kgha')
Thiophanate-methyl + fluazinam 8.09bc 1773.00ab 137.70a 3488.20a
Fludioxonil 11.80a 2176.25a 132.42a 3507.80a
Carbendazim + thiram 8.52b 1383.00b 115.87b 3675.80a
Fipronil 6.19¢ 1372.75b 130.27a 3115.82a
Control 9.41b 1608.00b 133.90a 3625.50a

‘p™MS 1962 412268 7714 1165322
CV (%) 14.47 16.09 3.85 21.72

" Sources of Variation ~~ CaleulatedF
Seed Treatment 10.318" 6.161" 11.167 0.337™

Note. Means followed by equal letters in the columns do not differ from each other, by the t test at 5%
significance; DMS-Minimum Significant Difference; CV-Coefficient of Variation (%); * Significant at 5%; and
" not significant at 5%, by analysis of variance.

According to Braz et al. (2010), the evaluation of the height of first pod insertion in soybean is essential because it
influences productivity. It is assumed that the lower the AIPV, the greater are the potential of yield losses at the
time of mechanized harvesting because the cutting platform of the harvester operates at minimum ground height.
For this variable, it was observed that the dose of 200 mL per 100 kg of seeds of the active ingredient fludioxonil,
promoted a larger increase (11.80 cm). The insecticide fipronil, in turn, quantified the lowest mean (6.19 cm) and
characterized an adverse effect for the variable, since it is significantly below control.

Pereira Junior et al. (2010) correlated this agronomic characteristic to the flow of harvested material and affirmed
that the normal standards for height of the cut bar in the mechanical harvesting of soybeans, is positioned around
15 cm. Chioderoli et al. (2012) observed AIPV of 14 cm and also reported that it is an adequate measure.

Therefore, except with the application of fludioxonil, all values moved away from ideal and, if mechanical
harvesting were performed, could lead to excessive losses, due to uncollected pods. This may have occurred at the
time of climatic adversities during the conduct of the experiment, which may have led to higher precocity of the
crop. In this case, to improve crop yield, the harvester's cutting platform should be adjusted to work more closely to
the ground.

For the total number of pods (NTV), the application of the fungicide fludioxonil was positively differentiated from
the control (p < 0.05), with an increase of 35.34%, and reached 2176.25 pods. Treatment with a formulated
fungicide of thiophanate-methyl + fluazinam equaled to the best performance, as well as to the others. Amponsah
et al. (2012) studied the efficacy of fourteen fungicides of different active ingredients, tested in vitro with a range
of concentrations for disease management, and reported that thiophanate-methyl was more effective overall.

The coefficient of variation was 16.09%. Bertolin et al. (2010) evaluated soybean yield as a function of the
application of biostimulants, the authors verified CV of 12.2% for the total number of pods. While Cato and Castro
(2006) have evidenced greater variability (35.5%), for the same agronomic character. Therefore, the instability of
the present study corroborates with the limits described in the literature.

Regarding the weight of 1000 grains, it was observed that the fungicide carbendazim + thiram presented
phytotoxicity (115.87 g) and differed statistically from the absence of treatment. The remaining treatments
responded in a similar way, close in a module and similar to each other, according to the Student t-test.

According to Thomas and Costa (2010), a yield of grain weight represents the grain size and, therefore, presents
the characteristic value of each cultivar, but this does not prevent it from varying according to the environmental
and management conditions to which the crop is submitted.

In this regard, according to Table 5, it was found that none of the evaluated products yielded increases in grain
yield (P) in soybean plants (p > 0.05). Therefore, the final product is the same for all tested ingredients.
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These results corroborate with Cunha et al. (2015), who observed that any of the tested fungicides and insecticides
provided increases in grain yield in soybean plants. Balardin et al. (2011) treated soybean seeds with fungicides
and insecticides and found that productivity was not influenced in a regime without water stress. Only in the
presence of water deficit, there was a difference between them, where the largest increase corresponded to
treatments with fipronil + thiophanate-methyl + pyraclostrobin and abamectin + thiamethoxam + fludioxonil +
mefenoxam + thiabendazole.

Although the active fludioxonil product has expressed a high number of pods, it was not reflected in a higher
increase to the others for the components, weight of 1000 grains and productivity, in terms of the module. Whereas
the carbendazim + thiram compound produced NTV numerically below the control, impaired PMG and increased
absolute grain yield (P).

It is emphasized that the occurrence of dried or empty pods, as well as the number of grains per pod, directly
influence the soybeans production. According to Lima et al. (2009), the fixed pods of legumes may become empty
due to problems in fertilizing the eggs inside the ovary or due to the lack of carbohydrates essential for the filling of
the grains, reflecting in lower yields.

Thus, it is understood that some climatic adversities, especially water stress due to the low rainfall rates, occurred
during the experiment conduction, may have culminated in the absence of productivity gains in the parcels that
received seed treatment, as well as inadequate management practices.

Although high leaf area for thiophanate-methyl + fluazinam in the first analysis (35 DAS), as well as a substantial
reduction (16.78 cm?) in a final evaluation (65 DAS), this result was not reflected in higher numerical productivity
gain (3488.20 kg ha™").

Since this technology does not always result in protection of the plants during the entire vegetative period
(Azevedo et al., 2004), the pests in soybean plantations can cause reductions in photosynthesis, stomatal driving,
transpiration and, also, lead to foliar senescence (Gamundi & Perotti, 2016). As photosynthesis depends on the leaf
area (AF), the yield of the crop will be higher the faster the plant reaches the maximum leaf surface and the longer
the AF remains active (Manfron et al., 2003).

Although the fungicide carbendazim + thiram had presented a decline in leaf area (13.15 cm?) immediately below
thiophanate-methyl + fluazinam, this expressed higher productivity modulus (3675.80 kg ha™). Accordingly,
Mertz et al. (2009), infer that the fungicides of the benzimidazoles group are the most suitable for the treatment of
seeds because they are more efficient in the fungi control, with significance on the active principles, carbendazim,
thiophanate methyl, and thiabendazole. In California, Rolshausen et al. (2010) investigated the efficacy of four
fungicides in the prevention of vine infection in the field by nine inoculated fungi. The authors reported a lesser
infestation for control with methyl thiophanate. Li and Mu (1995) also recommended the use of methyl
thiophanate and carbendazim by significantly reducing the development of B. dothidea and L. theobromae in
apricot trees in Japan.

For seed plants treated with the insecticide fipronil, with a non-significant AF decrease (1.80 cm?), the lowest grain
yield, 3115.82 kg ha™', was observed. Mundstock and Thomas (2005) explained that an imbalance in the nutrition
relationship between leaves and vegetables, called “leaf retention”, can be triggered by several causes and
symptoms. Leaves and stems of stalk and branches remain green, without getting into senescence when the
vegetables (grains) are already formed. One of the most common causes is the presence of insects (bedbugs, in
particular), which absorb the sap and inject toxins or another agent (virus), which inhibits the onset of leaf
senescence.

To sum up, the results indicated that the effects of the fungicides and insecticides used for the treatment of soybean
are variable, according to the evaluation phases and agronomic characteristics evaluated. As well as, it was
realized that mass gains in the growth phase are not guarantees of higher yields and better quality of grains because
the climatic conditions and the management of the culture can interfere in this merit. In this sense, it is
recommended to adopt seed treatment, as a preventive practice of phytosanitary problems and stimulant to the
growth of plants, in the initial phase.

However, appropriate doses and active principles should be selected for each producing region. In the present
study, the best yields were obtained with thiophanate-methyl + fluazinam (dose 198 mL) and fludioxonil (dose 200
mL).
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4. Conclusions

The use of different seed treatments promoted fairly variable responses in the growth and development of the ‘FTS
Paragominas RR’ soybean crop. In general, the best yields were obtained using fungicides with
thiophanate-methyl + fluazinam (dose 198 mL) and fludioxonil (dose 200 mL).

The application of carbendazim + thiram and fipronil, both at the dose of 200 mL, s should be viewed with an
exception for registering adverse responses throughout the soybean cycle ‘FTS Paragominas RR’.
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