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ABSTRACT: In the soybean crop, seed treatment is widespread, often with the use of several products. The aim of this study was to
evaluate the effect of phytosanitary and functional products used in such treatments on the quality of stored soybean seeds. The seeds
were treated with combinations of fungicide, insecticide, polymer, finishing powder, graphite, cobalt-molybdenum (CM), and inoculant.
Quiality evaluations were made at 0, 15, 30, 60, and 90 days of storage after the treatment by means of the following tests: germination,
seedling emergence, modified accelerated aging in substrate, primary root length, as well as quantification of dust-off of the seeds. A
completely randomized experimental design was used in a 10 x 5 factorial arrangement, involving 10 seed treatment compositions and
five storage periods. To avoid harmful effects on physiological quality, CM and graphite added to the phytosanitary products should be
used nearer to sowing, in a period of less than 15 days. Seeds with the basic industrial seed treatment used as a technological package
in most seed production companies (fungicide, insecticides, and polymer) maintained physiological quality up to 60 days of storage. An
excessive number of products use as seed treatment in this study, consisting of more than five, can negatively affect seed quality, even
in a short storage period of 15 days. The composition of the treatment directly affects the dust-off of the seeds, especially combinations
that include finishing powder and graphite.
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INTRODUCTION

Soybean is an important commodity in the world agricultural scenario, and Brazil is the largest producer of the crop
(CONAB 2024). High yields and production levels are directly related to the use of technologies, and many of them are
delivered through seeds (Reis et al. 2022).

Among the diverse technological advances that aim at increasing soybean yield, chemical seed treatment stands out.
Treating seeds with phytosanitary products protects and favors initial development of soybean seedlings, especially under
adverse growing conditions, such as water deficit (Carvalho et al. 2021), and it allows for combinations among insecticides,
fungicides, polymers, and finishing powders (Franga-Neto et al. 2016).

Nevertheless, the combination of these phytosanitary products and the volume of the slurry used can affect the
physiological quality of the seeds, above all when they are stored (Carvalho et al. 2021, Pereira et al. 2021a). Given the
possibilities of composition and volumes of slurries for seed treatment, studies are necessary regarding their relationship
to seed physiological quality (Santos et al. 2018).

In addition to phytosanitary products, companies have been using functional products, such as finishing powder,
in conjunction with seed treatment with phytosanitary products, aiming at drying the phytosanitary products
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quickly and evenly (Abati et al. 2018). Investments have been also made in the sale of technological packages with
a combination of micronutrients (Pereira et al. 2021b), as well as other functional products, such as polymers and
biological inoculants.

A cobalt and molybdenum (CM) treatment is important for assisting the process of biological nitrogen fixation in the
soybean crop, and, although it is common in on-farm treatments, the use of these micronutrients is not yet widespread in
the industrial seed treatment (IST) process (Pereira et al. 2021b).

With the concept of selling industrially treated seeds in an “open and sow” system, which indicates that the farmer does
not need to add any component before sowing, it is necessary to use CM, inoculants, and graphite, as well as the already
traditional fungicides, insecticides, polymers, and finishing powders. Thus, studies to understand the interactions among
these components and the quality of the stored seeds are indispensable.

The interaction of other products with the IST has been studied by authors, such as Abati et al. (2018), who observed
reduction in the physiological quality of soybean seeds with the use of finishing powder together with the insecticide
treatment, and Oliveira et al. (2021), who observed reduction in the development of soybean seedlings upon mixing
fungicides + insecticides + CM in the seed treatment.

However, due to the diverse possibilities for composition of slurries for soybean seed treatment, studies that
analyze the isolated effects and the interaction effects of these molecules on the physiological quality of seeds
are still few. We hypothesized that the use of several products in the final slurry may have adverse effects on
physiological quality.

Thus, the aim of this study was to evaluate the effect of the compositions of chemical seed treatments involving
phytosanitary, polymer, finishing powder, micronutrient, inoculant, and graphite products on the quality of soybean seeds

over storage and on dust-off effects of the seeds.

MATERIALS AND METHODS

The present study was conducted in the central seed research laboratory (LCPS) of the Departamento de Agricultura,
Escola de Ciéncias Agrarias de Lavras of the Universidade Federal de Lavras, Lavras, MG, Brazil.

Soybean seeds of the cultivar Foco Brasmax, primarily produced in the Center-West of Brazil with indeterminate
growth and maturity group 7.2, were weighed and separated in 2.5-kg portions for later treatments. The treatments
were processed in the LCPS, with a Momesso company Arktos Laboratério L5K device to simulate IST in
batch processing.

In the IST, we used phytosanitary chemical products (insecticide + fungicide), polymer, and finishing powder
as follows: Fungicide (F) - Maxim Advanced (a.i. fludioxonil 25 g'L!' + metalaxyl-M 20 g-L"' + tiabendazole
150 g'L!). For the other combinations, the seeds were treated with recipe Fortenza Duo, involving fungicide (Maxim
Advanced), the insecticide Cruiser 350 FS (CI) (a.i. thiamethoxam 350 g-L'), the insecticide Fortenza 600 (FI) (a.i.
cyantraniliprole 600 g-L'), and the polymer (P) Biocroma Vermelho (density of 1.10 g'm). The other components
used in the compositions of the treatment slurry were CM [Class A organic mineral fertilizer, density = 1.25 gomL",
a compound of sulfur 0.55% - (6.875 g-L"), cobalt 1% - (12.5 g-L™'), total organic carbon 20% (250 g'L'), and
molybdenum 10% - (125 g-L!), with the sources of cobalt sulfate, sodium molybdate, saccharides, and EDTA (6.6)],
the inoculant Bioma Brady (IN) [Bradyrhizobium japonicum (SEMIA 5,079 and 5,080), density = 7.2:109 cellssmL"];
the finishing powder (FP) Biogloss biogrow (the chemical nature of slurries of mineral fillers, density = 2.8-3.2 gm,
white in color, water insoluble and of light odor); and graphite (G) (compound of natural graphite 70-100%,
quartz 0.01-25.0). Water (W) was used only when fungicide (F) alone was used. The final volume of the slurry
was a result of the sum of the volumes of each product. Details on the combinations of products in the treatment

are shown in Table 1.
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Table 1. Commercial products, types, and doses used for soybean seed treatment.

Abbreviation of

the commercial F Cl Fl P w CM IN FVS FP G
products* (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (9) (9)
C1 F 100 - - - 260 - - 360 - -
C2 F+l 100 200 60 - - - - 360 - -
C3 F++P (B) 100 200 60 100 - - - 460 - -
C4 B+FP 100 200 60 100 - - - 460 200 -
Ch B+G 100 200 60 100 - - - 460 - 400
cé6 B+FP+G 100 200 60 100 - - - 460 200 400
c7 B+FP+CM 100 200 60 100 - 200 - 660 200 -
Cc8 B+FP+IN 100 200 60 100 - - 100 560 200 -
C9 B+FP+CM+IN 100 200 60 100 - 200 100 760 200 -
C10 B+FP+CM+IN+G 100 200 60 100 - 200 100 760 200 400

*Dosage of the commercial product: mL-100 kg* of seeds; F: fungicide; I: insecticide; P: polymer; B: basic; FP: finishing powder; G: graphite; CM: cobalt and
molybdenum; IN: inoculant; Cl: Cruiser insecticide; Fl: Fortenza insecticide; W: water; FVS: final volume of the slurry.

After the seeds treatments were applied, the seeds were placed in Kraft type paper bags and stored in a ventilated shed
without climate control. Seed quality was evaluated at 0, 15, 30, 60, and 90 days of storage after the treatments through the
following tests:

+ Germination in a rolled paper: four replications of 50 seeds were sown, with the aid of a seed counter, above one damped
paper towel, afterwards covered with a second damped paper towel, and rolled into a cylinder. The amount of water in
the paper towels was 2.5 g of water per g of paper towel. The rolls were kept in a Mangelsdorf germinator at 25 + 2°C.
Evaluations were made at eight days after sowing, to determine the percentage of normal seedlings (ISTA 2024);

* Germination in a rolled paper plus vermiculite (RP+V): four replicates of 50 seeds were sown, with the aid of a seed
counter, above one paper towel damped with a 100 mL of a fine and uniform layer of medium vermiculite (55 to 95%
of the particles > 2.4 mm) applied above the paper toweling, afterwards covered with a second damped paper towel,
and rolled into a cylinder. The amount of distilled water in the paper towels was 3 g of distilled water per g of paper
towel and in the vermiculite g of distilled water per g of vermiculite. The rolls were kept in a Mangelsdorf germinator
at 25 + 2°C (Carvalho et al. 2024). Evaluations were made eight days after sowing, considering the percentage of
normal seedlings;

+  Seedling emergence: four replicates of 50 seeds per treatment were placed on a substrate composed of a mixture of sand
+ soil (2:1 for volume proportion), placed in plastic trays, irrigated at 60% of water-holding capacity at sowing and then
irrigated uniformly, when necessary. The trays were kept in a greenhouse at the temperature of 25 + 2°C in an alternating
(12 h) light and dark regime (Krzyzanowski et al. 2020). Evaluations were made five days after sowing, considering the
percentage of emergence seedlings;

* Modified accelerated aging in substrate (AAS): plastic boxes fitted with suspended aluminum screens were used. A
layer of seeds was placed over the entire screen, followed by the addition of 40 mL of water. Subsequently, seeds were
placed in a chamber at 41 + 0.3°C for 48 hours (ISTA 2024). After that period, seeds were sown in a substrate placed in
a plastic tray containing sand + soil in a 2:1 proportion and moistened to 60% of water-holding capacity. After sowing,
the trays were kept in a plant growth chamber at 25 £ 2°C in an alternating (12 h) light and dark regime. Evaluations
were made eight days after sowing, considering the percentage of emergence seedlings;

+  Seedling length by means of high-resolution images: this was measured with four replications of 20 seeds, following
the methodologies described for the germination test. At four days after sowing, seedling images were captured.
Evaluations were made using the GroundEye device, version $120, manufactured by Tbit, Lavras, MG, Brazil. The
seedlings were inserted in the tray of the image capture module to obtain high-resolution images. Subsequently,
background color was calibrated using the CIEL*a*b color model with a luminosity index from 0 to 100,
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dimension “a” from -13.9 to 46.1 and dimension “b” from -57.1 to -40.6. After calibration of the background color,
image analysis was performed automatically through extraction of the mean values of the primary root size (Reis
et al. 2022);

Detachment of particles/dust from the seeds (dust-off): before the test, the samples were kept for 48 hours at 20°C and
50% relative humidity. After that period, the Heubach D.38679 dustmeter (Langelsheim, Germany) was used, following
the methodology of the European Seed Association as described in Reis et al. (2023). For evaluation of the seed samples,
the established parameters were equipment operation time (120 seconds), the size of the analyzed sample (100 grams of
seed), and the airflow (20 liters per minute). A 6-cm diameter microfiber filter was placed in the filter carrier, and the
set was weighed, then proceeding to the dust-off operation. The drum was loaded with the seed sample, and, with the
rotating movement of the set, the seeds in friction through the deflectors installed in the drum resulted in detachment of
the dust particles. At the end of the established movement time, the filter and filter carrier set were weighed once more,
and the weight of the detached particles was estimated by difference in weight. The results were presented in g-100 kg
of seeds (Reis et al. 2023).

A completely randomized statistical design was used with four replications in a 10 x 5 factorial arrangement, involving

10 compositions of seed treatments and five evaluation times throughout storage. Statistical analyses were made by means

of analysis of variance with the RStudio software (R Core Team 2022) at p < 0.05 significance by the F-test. When necessary,

the mean values were analyzed with the use of the Scott-Knott’s test at p < 0.05 significance, or with analyses of polynomial

regressions and choice of the significant model with the greatest coeflicient of determination.

RESULTS AND DISCUSSION

Seed storage conditions remained stable throughout the analyzed period, with an average daily temperature range of

10°C and relative humidity of around 40% (Fig. 1). These moderate temperature fluctuations did not represent a significant

risk to seed quality, since the average maximum temperature recorded was 28.5°C. Therefore, the conditions observed can

be considered safe for proper seed storage.

) 50 . - 100%
< 45 R ST - 90%
g 1 . onon AR Q)
S 40 - N 1Y n K S [N A r 80% R
= 1N [ e A‘ R W iy | \‘l [N K o ~
g 3541 "o [ ; “‘ " EAVN \ '"' ‘\\ ! EAN T 70% %\
8'30 7 \\4’, ‘,‘\l, [ ) ‘V‘y’ v ' : * 1 60% €
25 -WW- 50% 2
= 0,
= 20 - 40% ¢
o 151 L 30% &
[@)] [J]
& 10 7 r 20% o
[ - L 0,
Z 5 10%

L A S N N N I I I

0°)’Q Q%'Q Q°>:\/ QO;L g";\' ,\9'0 :@:\' @ﬁ'@%ﬁ’&\,\fg Qﬁ\',":\’gi\z\"\, 0:»"’ Qg{}fg
Q& Q/ r\/Q' "9l Q’ Q/ !L ,9& f" ’\’ "/ ,\, ’»

T ST TS A DD
Storage period (days)
—— Average daily temperature ("C) - --- Relative humidity (%)

Figure 1. Average daily temperature (°C) and relative humidity (%) during the storage period between September and December. Datalogger
at the Seed Conditioning and Treatment Plant of the Universidade Federal de Lavras, Lavras, MG, Brazil.

In the results of the first germination count at the beginning of storage, higher values of normal seedlings were observed

in the compositions of seed treatments F, F+1, and B+G (Table 2).
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Table 2. First germination count (%) of soybean seeds treated with different compositions of products as a function of storage time*.

Seed treatment Storage period (days)
composition 0 15 30 60 90

C1 F 95a 9 a 9 a 85a 85a
C2 F+l 90a 90a 94 a 88a 69b
C3 F+I1+P (B) 85b 85b 85b 85a 72b
Cc4 B+FP 84b 84b 88a 84a 62c
Ch B+G 94a 94 a 91a 88a 74 b
Cé6 B+FP+G 84b 88a 90a 84a b8 ¢
Cc7 B+FP+CM 83b 84b 82b 8la 60c
C8 B+FP+IN 86b 83b 89a 8la 67c
C9 B+FP+CM+IN 79b 79b 76 b 76 a 60c
C10  B+FP+CM+IN+G 79b 76b 84a 84a 53¢
CV. 6.61%

*Mean values followed by the same letter within the column do not differ from each other by the Scott-Knott's test at p < 0.05 significance; F: fungicide; I: insecticide;
P: polymer; B: basic; FP: finishing powder; G: graphite; CM: cobalt and molybdenum; IN: inoculant; CV.: coefficient of variation

These compositions had a reduced number of components; the others, with a larger number of products, exhibited lower
values, even at the beginning of storage when evaluated in the germination methodology with the use of only rolled paper.
Harmful effects with an excessive number of products in the seed treatment were clear at the end of the 90 days of storage,
in which inclusion of the insecticides reduced quality in relation to the fungicide, and especially in the compositions with
five or more components (B+FP+CM, B+FP+IN, B+FP+CM+IN, and B+FP+CM+IN+G).

Rocha et al. (2020) reported that treatments with insecticide molecules affect the germination of soybean seeds, with
greater phytotoxicity than fungicide treatments. Santos et al. (2023) studied the effects of the combination of chemical products
on the quality of soybean seeds and observed a reduction in seed germination potential when finishing powder was used
in the composition of the treatment. The composition of the finishing powder, which often contains titanium dioxide and
natural talc chlorite, may be one of the factors that affect seed germination, because, despite having a hydrophilic nature,
there are reports that finishing powders may cause damage related to soaking (Santos et al. 2023).

Over the storage period, there was reduction in normal seedlings in the first germination count for all the seed treatment
compositions (Fig. 2). The treatment with only fungicide had higher levels of quality than the treatments with a larger number
of products. Especially for the composition with all the products, a greater reduction was seen at 90 days of storage, with
only 53% normal seedlings. This reinforces the importance of knowing the length of the storage period to maintain the
quality of treated seeds, the seed safety period, especially when a larger number of products are used in the composition,
an increasingly common situation in IST.

y (C1) =-0.1333x + 96.50 R* = 0.7526

y (C2) =-0.2192x + 94.65 R* = 0.6583

y (C3) =-0.1333x + 8750 R?= 0.6343

y(C4) =- 0.2244x +88.95 R? = 0.5839

y (C5) = - 0.2040x + 95.46 R? = 0.8709

y (C6) =-0.2827x +91.32 R? = 0.6167

y (C7) =- 0.22347x + 8705 R? = 0.7083

y (C8) =-0.2020x + 88.97 R = 0.7026

y (C9) =- 0.1965x + 81.46 R? = 0.7573

y (C10) = - 0.0094x?+ 0.6250x + 7475 R? = 0.8684

First germination count (%)
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Figure 2. First germination count (%) of soybean seeds in rolled paper substrate, with seeds treated with different compositions of products,
as a function of storage period.
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In the initial evaluation of germination, there was no difference among the treatments with different compositions (Table 3).
Nevertheless, after 15 days of storage, a harmful effect was observed on germination, especially for the treatments with five
or more components or those in which finishing powder was included.

Table 3. Percentage of germination in rolled paper substrate for soybean seeds treated with different compositions of products as a function
of storage period*.

Seed treatment Storage period (days)

composition 0 15 30 60 90
C1 F 95a 96 a 96 a 88a 87a
Cc2 F+l 90 a 95 a 9% a 92a 74b
C3 F+I+P (B) 86a 90 b 92a 90a 75b
Cc4 B+FP 90a 90b 9% a 89a 71b
Ch B+G 95a 9% a 9 a 90a 77b
(6(3) B+FP+G 93a 88b 91a 91a 64b
c7 B+FP+CM 82a 90b 87b 87a 63 ¢
Cc8 B+FP+IN 91a 87b 91a 89a 70b
C9 B+FP+CM+IN 86a 87b 79¢ 8la 63 ¢
C10  B+FP+CM+IN+G 89a 84b 90a 87a 59 ¢

CV. 5.68%

*Mean values followed by the same letter within the column do not differ from each other by the Scott-Knott's test at p < 0.05 significance; F: fungicide; I: insecticide;
P: polymer; B: basic; FP: finishing powder; G: graphite, CM: cobalt and molybdenum; IN: inoculant; CV.: coefficient of variation.

Just as observed in the first germination count, there was a reduction in final seed germination after 90 days of storage,
intensified in the combinations with a larger number of products in the final composition of the seed treatment, such as
B+FP+CM, B+FP+CM+IN, and B+FP+CM+IN+G (Fig. 3). In their supplemental constitution, all these treatments had
the basic treatment in IST, the finishing powder, and CM. This requires greater attention because farmers often apply what
is known as a “retreatment”, which includes several functional products on seeds that have already been industrially treated
with fungicide, insecticide, polymer, and, at times, finishing powder.

y (C1) =-0.1066x + 96.35 R? = 0.7879

y (C2) =-0.0067x>+ 0.4342x +89.68 R* = 0.9968
y (C3) =-0.0058x?+ 0.4118x +85.11 R? = 0.9956
y(C4) =-0.0062x?+ 0.3661x + 88.12 R* = 0.9681
y (C5)=-0.2037x + 98.24 R? = 0.8372

y (C6) =-0.2609x + 95.27 R? = 0.6238

y (C7) =-0.2856x +94.43 R = 0.7621

y (C8) =-0.1965x +92.96 R? = 0.6218

y (C9)=-0.2327x + 88.08 R?= 0.7716

y (C10) =- 0.2777x? + 92.23 R?= 0.5961

Germination (%)

0 15 30 45 60 75 90
Storage period (days)

eCl mC2 +C3 mw(C4 xC5 oC6 +C7 -C8 -C9 «C10
¢ci—C2 C3 —C4—C5—C6 —C7 —C8 —C9 —C10

Figure 3. Germination (%) in rolled paper substrate of soybean seeds treated with different compositions of products as a function of storage.

Pereira et al. (2021b) studied the impact of the composition (micronutrient + bioregulator + polymer + finishing
powder) of the soybean seed treatment on soybean physiological quality during storage (0, 15, 30, 45, 60, and 90 days) and
concluded that the combination of these four components in the seed treatment and the volume of the slurry, along with
the storage periods (15 days after the treatment), have a harmful effect on seed physiological quality. However, the study
did not evaluate a combination with insecticides and fungicides.

(c)_®
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In the RP+V test, differences did not occur among the compositions up to 15 days of storage (Table 4). At 30 days, there was
reduction in germination of seeds treated with the compositions B+FP, B+FP+G, B+FP+CM+IN, and B+FP+CM+IN+G, all
containing finishing powder. Nevertheless, at 60 days, only the composition with the largest number of components showed reduction
in germination, reconfirming the necessary attention to a shorter storage period for seeds with many products, greater than five.

Table 4. Germination (%) in rolled paper + vermiculite substrate of soybean seeds treated with different compositions of products as a
function of storage period*.

Seed treatment Storage period (days)
composition 0 15 30 60 90

C1 F 98a 95a 93a 94 a 84b
Cc2 F+l 95a 94 a 95a 95a 88a
C3 F+l+P (B) 97a % a 97a 9% a 82b
C4 B+FP % a 97a 92b 90a 82b
Ch5 B+G 96 a 9% a 95a 942 87a
C6 B+FP+G 9% a 93a 90 b 91a 83b
c7 B+FP+CM 97a 89a 9% a 93a 77b
C8 B+FP+IN 96 a 95a 96 a 93a 91a
C9 B+FP+CM+IN 97a 9% a 91b 93a 86a
C10  B+FP+CM+IN+G 98a 94a 86b 82b 84b
CV. 4.65%

*Mean values followed by the same letter within the column do not differ from each other by the Scott-Knott's test at p < 0.05 significance; F: fungicide; I: insecticide;
P: polymer; B: basic; FP: finishing powder; G: graphite, CM: cobalt and molybdenum; IN: inoculant; CV.: coefficient of variation.

Alves et al. (2017) affirmed that the interaction between products and/or certain a.i. may cause reduction in seed quality,
with consequent reduction in seedling establishment in the field, due to the phytotoxicity brought about by this interaction.
This situation was also observed in this study.

Ludwig et al. (2011) observed that in soybean seeds treated with a combination of products with different a.i. and modes
of action, even with the same slurry volume of 600 mL-100 kg™, there was a negative effect on the quality of the seeds stored
for 60 days after the treatment, with evaluations made at 0, 60, 120, and 180 days, without control of temperature and
relative humidity. The authors also observed that there are differences among cultivars and among product combinations.

Throughout storage, there was reduction in germination in the RP+V substrate, regardless of the composition of the seed
treatment (Fig. 4). This result was also observed in the standard germination test in rolled paper (Fig. 3). However, the mean
values of the germination using the RP+V testing were generally concentrated at a higher level. Thus, it is possible that the
substrate used attenuated the phytotoxic effect associated with its ability to adsorb phytosanitary products (Carvalho et al. 2024).

100

90 T
< 80
= +  y(Cl)=-0.1353x+9797 R?=0.7982
S 701 y (C2) = -0.0017x+ 0.0915x + 93.99 R? = 0.8652
3 604 y (C3) = -0.1459x + 99.29x R? = 0.6574
£ y(C4) =-0.1612x +97.48 R? = 0.9209
E 50+ y (C5) =-0.0942x +9727 R2 = 0.8107
S 40 y (C6) = - 0.1275x + 95.27 R? = 0.8644
P y (C7) = -0.1790x + 9708 R? = 0.6226
& 307 y (C8) =-0.0554x + 96.26 R?=0.9335
& 20 y (C9) =-0.1109x +96.52 R? = 0.8308

10 y (C10) =-0.1629x+94.75 R? = 0.7442

0 T T T T T ]
0 15 30 45 60 75 90

Storage period (days)
eCl mC2 +C3 mC4 x C5 «C6 + C7 - C8 - C9 « C10
—C —C2 C3 —C4—C5—C6 —C7 —C8—C9—C10

Figure 4. Germination (%) in rolled paper + vermiculite substrate of soybean seeds treated with different compositions of products as a
function of storage period.
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In the emergence test, an isolated effect of the composition and of the storage period was observed. In evaluation, lower
values were observed as of the B+FP composition, in which the number of products was greater than or equal to four (Table 5).
In other words, the larger the combination of products in the seed treatment, as in the B+FP+CM+IN+G treatment, the
greater the reduction in their quality, especially when comparing the treatments composed with only fungicide (F); and
the slurry of fungicide + insecticides and polymer (F+I and B), with the other treatments.

Table 5. Emergence percentage (%) of soybean seeds treated with different compositions of products*.

Seed treatment composition Emerged seedlings

C1 F 84a
C2 F+l 80a
C3 F+1+P (B) 76 b
Cc4 B+FP 71c
Ch B+G 73c
C6 B+FP+G 66 d
Cc7 B+FP+CM 67d
C8 B+FP+IN 71lc
C9 B+FP+CM+IN 66d
C10 B+FP+CM+IN+G 62e
CV. 10.16%

*Mean values followed by the same letter within the column do not differ from each other by the Scott-Knott's test at p < 0.05 significance; F: fungicide; I: insecticide;
P: polymer; B: basic; FP: finishing powder; G: graphite; CM: cobalt and molybdenum; IN: inoculant; CV.: coefficient of variation.

In addition, there was reduction in the quality of seeds after storage, regardless of the composition of products used in
IST, a result that was also observed in the germination test in rolled paper and RP+V. Every 10 days, a reduction of 1.6%
in the percentage of emerged seedlings was observed at five days after sowing (Fig. 5).
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Figure 5. Emergence percentage (%) of soybean seeds treated with different compositions of products.

Abati et al. (2020) reported that the physiological potential of soybean seeds generally decreased with the increase in
the volume of slurry used in the industrial treatment and as the storage period advances.

Oliveira et al. (2021) studied the phytotoxicity of the chemical treatment of soybean seeds by means of computerized
analysis and also observed that the slurry of fungicides + insecticides + micronutrients (CM) in the seed treatment gave rise
to seedlings with lower vigor indices, growth, and uniformity. This result corroborates what was observed in this study for
most of the physiological tests performed, which reinforces the benefits of using these products as close as possible to sowing.

Carvalho et al. (2021) reported that the soybean seed treatment using a combination of insecticides + nematicides and
then storage for six months led to a reduction in vigor and initial seedling development, with different intensities as a function
of the a.i. Carvalho et al. (2022) observed a reduction in soybean seed germination after treatment with a predominantly
aqueous slurry and the use of systemic insecticide molecules, together with fungicides and polymer. The same authors
affirmed that these harmful effects are greater as the storage period proceeds.
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Analysis of the effects of seed treatment composition on the emergence values after accelerated aging as a function of the
storage period shows that, in most of the compositions, the effect was quadratic, with a tendency toward decline in the final
half of the storage period (Fig. 6). Nevertheless, for most compositions, the coeflicients of determination were low; from the
beginning of storage, the vigor for B+FP+CM+IN+G was lower than for the other treatments, reconfirming that the excess
number of products through seed treatments, in this case seven products, can affect vigor even during short storage periods.
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Figure 6. Percentage of emerged seedlings after accelerated aging in treatments with different compositions of products as a function of
storage period.

In general, for evaluation of primary root length of the seedlings up to 30 days of storage, the compositions with only the
slurry of fungicides or with fungicides + insecticides (F and F+I) were always in the group of the greatest root development
(Table 6). In contrast, over the storage period in general, compositions B+FP+CM+IN and B+FP+CM+IN+G, with the
largest numbers of products, six and seven, respectively, had values always in the group of shortest root length; and the
lowest general value was in the seeds treated with the B+FP+CM+IN+G composition and stored for 90 days. This reconfirms
the harmful effect of the combination of an excessive number of products in seed treatment together with storage time.

Table 6. Primary root length (cm) of seedlings originating from soybean seeds treated with different compositions of products as a function
of storage period.

Seed treatment Storage period (days)
composition 0 15 30 60 90

C1 F 10.41a 8.47a 10.31a 9.58a 52la
C2 F+l 10.31a 769 a 10.21a 9.25a 6.56 a
C3 F+I+P (B) 8.562b 758 a 8.46 b 799b 723a
C4 B+FP 8.97b 8.47a 8.61b 8.01b 559 a
Ch5 B+G 8.66 b 781a 8.26b 992a 5.58a
C6 B+FP+G 9.63a 722 a 9.33a 752b 552 a
C7 B+FP+CM 765b 6.36b 743 b 761b 523 a
Cc8 B+FP+IN 8.94b 8.60a 8.86 b 9.05a 5.57a
C9 B+FP+CM+IN 8.08b 595b 775b 6.89b 5.59a
C10 B+FP+CM+IN+G 789b 733a 772b 6.47b 3.49b
CV. 13.86%

*Mean values followed by the same letter within the column do not differ from each other by the Scott-Knott's test at p < 0.05 significance; F: fungicide; I: insecticide;
P: polymer; B: basic; FP: finishing powder; G: graphite, CM: cobalt and molybdenum; IN: inoculant; CV.: coefficient of variation.

Carvalho et al. (2020) observed that treating soybean seeds early can affect the initial development of the plants, but it
did not affect yield. The phytotoxicity caused by treating soybean seeds was observable by the root length trait.
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In evaluation of dust-off, higher values were observed for the compositions B+G, B+FP+G, and B+FP+CM+IN+G, all
with addition of graphite in the seed treatment process (Fig. 7). In other compositions, such as B+FP and B+FP+IN, values
of4.34 and 3.95 g of dust were observed per 100 kg of seeds; these values are near the maximum safe limit advocated by the
European Seed Treatment Assurance for treated soybean seeds, which is 4 g of dust per 100 kg of seeds (Reis et al. 2023).
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Figure 7. Dust-off (g of dust100 kg™ of seeds) in soybean seeds treated with different compositions of products.

Lower values of dust-off after seed treatment are desirable because this is related to smaller loss of the a.i. and greater
environmental safety during agricultural operations (Nuyttens et al. 2013). Reis et al. (2023) observed lower dust-off values
in the treatments performed in an industrial manner than the values of seeds treated on-farm.

Dust formation on treated seeds is directly related to adherence of the products, indicating possible incompatibility
between the formulations and the loss of a.i. after the treatment and, consequently, ineffective protection (Avelar et al.
2012). For that reason, it is important to study the products used in the treatment process, as well as their interactions, so
that they are used with environmental safety and maintenance of the a.i. together with the seed, ensuring its effectiveness.

Therefore, the results obtained reinforce the importance of understanding the interaction of the phytosanitary products
used in a seed treatment slurry so as to establish the best combinations that do not affect seed physiological quality, especially
during storage. Furthermore, these results may better guide companies and growers regarding the right time for application
of some products such as cobalt, molybdenum, and graphite, aiming at maximum potential of the seeds in the field.

CONCLUSIONS

To prevent harmful effects on physiological quality, CM and graphite added to phytosanitary products should be applied
as near as possible to sowing time, in a period of less than 15 days.

Seeds with the basic IST (fungicide, insecticide, and polymer) treatment used as a technological package by most seed
production companies maintain physiological quality for up to 60 days of storage.

An excessive number of products through seed treatment, in this study greater than five, can negatively affect seed
quality, even with a short storage period of 15 days.

The composition of the treatment directly affects the dust-off of the seeds, and inclusion of finishing powder and graphite

is most relevant in this respect.
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