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ABSTRACT: The aim of this study was to investigate the effect of treatment with insecticides
and fungicides on the physiological quality of corn seeds, classified in sizes, in different periods
of storage. Seeds of the hybrid BM915 PRO, classified in two sizes (CH20/64 and CH24/64),
were treated with a mixture of carbendazim + thiram (Derosal Plus®), pirimiphos methyl
(Actellic®), deltamethrin (K-obiol®), and water (standard treatment). In addition to the standard
treatment adopted by the company, treatments with clothianidin (Poncho®), thiamethoxam
(Cruizer®), and fipronil (Shelter®) were added to the spray mixture. The seeds were stored in a
non-climate-controlled environment in multi-ply paper packages. The physiological quality of
the seeds was evaluated every ninety days over a period of 270 days by the germination test,
cold test, and accelerated aging. Sanitary quality was also evaluated through the Blotter test.
The physiological quality of seeds of the hybrid BM915 PRO is maintained up to ninety days of
storage, regardless of the chemical treatment used and the size of the seeds. The addition of
the insecticide to the standard treatment used in chemical seed treatment does not affect the
action of the fungicides on the fungi in the seeds.

Index terms: Zea mays, seed vigor, conservation, sanitary treatment, industrial treatment.

Tratamento quimico e tamanho da semente de milho na qualidade
fisioldgica e sanitaria durante o armazenamento

RESUMO: Objetivou-se verificar a interferéncia do tratamento com inseticidas e fungicidas
sobre a qualidade fisiologica de sementes de milho, classificadas em dois tamanhos, em
diferentes periodos de armazenamento. Sementes do hibrido BM915 PRO, classificadas em
dois tamanhos (CH20/64 e CH24/64), foram tratadas com calda caracterizada pela mistura de
Carbendazim + Thiram (Derosal Plus®), Deltametrina (Actellic®), Pirimifés metilico (K-obiol®)
e agua (tratamento padrdo). Além do tratamento padrdo adotado pela empresa, foram
acrescentados a mistura da calda tratamentos com clotianidina (Poncho®), tiametoxam
(Cruizer®) e fipronil (Shelter®). As sementes foram armazenadas em ambiente ndo climatizado
em embalagens de papel multifoliado. A qualidade fisioldgica das sementes foi avaliada, a
cada noventa dias, por um periodo de 270 dias por meio do teste de germinagao, teste de frio
e envelhecimento acelerado. Foi avaliada, ainda, a qualidade sanitaria por meio do Blotter
test. Concluiu-se que a qualidade fisioldgica das sementes do hibrido BM915 PRO é mantida
até os noventa dias de armazenamento, independente do tratamento quimico utilizado e do
tamanho das sementes. A adigdo do inseticida ao tratamento padrdo utilizado no tratamento
quimico das sementes nao afeta a acdo dos fungicidas sobre os fungos presentes nestas.

Termos para indexagdo: Zea mays, vigor de sementes, conservagdo, tratamento sanitario,
tratamento industrial.
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INTRODUCTION

Seed is one of the main inputs in agriculture, and its quality is one of the primary factors for establishing any crop
(Nunes et al., 2009). Seed quality can be affected by different biotic and abiotic factors, such as chemical treatment
and storage conditions. Seed treatment has been used as a tool for protecting seeds in the field and in storage for the
purpose of maintaining physiological quality, and it is a valuable method for controlling and/or preventing pest and
pathogen attacks. Lack of this initial protection can have a direct impact on yield.

Chemical treatment consists of incorporating artificially developed chemical products on the seeds. This modality
has been increasingly adopted by farmers since it is easy to perform and can be practiced in a controlled environment
through the ease of uniformly distributing small amounts of products in growing areas, through reduced need for
complementary applications of pesticides on developing crops, and through its low relative cost, which, even so,
provides significant increases in final yield. Some factors affect the performance of the seed chemical treatment, such
as type of seed, physical and physiological condition of the seed lot to be treated, seed size, product formulation, active
ingredient, and application rate of the product (Machado, 2000).

Inadequate application of chemical products on seeds can increase risks of deterioration of their physiological
quality, due to possible phytotoxic effects. Salgado and Ximenes (2013) evaluated the effect of treatment of maize
seeds with insecticides in different storage periods and concluded that seed treatment with insecticide and storage
affect seed germination. According to these authors, the interaction of seed treatment and storage affect the number
of ungerminated seeds.

In contrast, the advantages of using seed with protection against external biological agents, such as fungi, insects,
nematodes, etc. are well-known (Tonin et al., 2014). In Brazil, nearly 100% of hybrid maize seeds are treated with
fungicides and insecticides in the seed industry for pest control in storage; 35% are treated with insecticides, and the
rest receive insecticide application on the farm property itself (Nunes, 2016).

The fact that chemical treatment of maize seeds is a widely used practice before storage and near the time of
sowing highlights the importance of conducting studies on the chemical products used for treatment, as well as their
effect on the quality of seeds under storage.

Thus, the aim of this study was to investigate the effect of insecticide and fungicide treatment on the physiological
quality of maize seeds classified in two sizes in different storage periods.

MATERIAL AND METHODS

The experiment was conducted in the Seed Sector of the Department of Agriculture of the Universidade Federal de
Lavras (UFLA) in the municipality of Lavras, MG, Brazil.

The seeds used were of the maize hybrid BM915 PRO, with a flat shape, classified in two sizes (CH20/64 and
CH24/64), granted by the Hellix Sementes company, from the 2015/2016 crop season.

The seeds were treated manually using plastic bags, in which the seeds and the chemical products were mixed in
a uniform manner.

The seeds were treated with a spray mixture composed of insecticides and fungicides adopted by the production
company, characterized by a mixture of carbendazim + thiram (Derosal Plus®), pirimiphos methyl (Actellic®), deltamethrin
(K-obiol®), and water (standard treatment) (Table 1). In addition to the standard treatment adopted by the company,
the insecticides clothianidin (Poncho®), thiamethoxam (Cruizer®), and fipronil (Shelter®) were separately added to the
spray mixture (Table 2). The spray volume used was the same for all the treatments. The insecticide application rates
were those recommended by the manufacturers.

After the treatments, the seeds were placed in multi-ply paper bags, similar to those used by the production company,
kept on wooden pallets, and stored in a non-climate-controlled environment. The environment referred to is a shed
covered with galvanized steel roofing that is closed, located in the Seed Sector of the Universidade Federal de Lavras. The
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Table 1. Products used in composition of the standard treatment applied in the seed treatment and their respective
application rates.

Commercial product Active ingredient Class Application rate of the active ingredient
carbendazim Fungicide 2.04 g a.i./100 kg of seed
Derosal Plus® ] o ]
thiram Fungicide 4.76 g a.i./100 kg of seed
K-obiol® deltamethrin Insecticide 0.02 g a.i./100 kg of seed
Actellic® pirimiphos methyl Insecticide 0.04 g a.i./100 kg of seed

Table 2. Insecticides and application rates used in the seed treatments.

Commercial product Active ingredient Application rate of the active ingredient
Poncho® clothianidin 210 g a.i./100 kg of seed
Cruizer® thiamethoxam 210 g a.i./100 kg of seed
Shelter® fipronil 62.5 g a.i./100 kg of seed

storage period began on May 25%, 2016 and ended on February 16%, 2017. During this period, temperatures ranged
from 18 °C to 25.9 °C, and relative humidity within the storage location oscillated from 44% to 77%.

Seed quality was evaluated at the beginning of the storage period and every ninety days, over a period of 270 days,
through the tests described as follows.

Germination test: performed using germitest paper moistened with water in the amount of 2.5 times the dry
weight of the paper, with four replications of fifty seeds in a germinator at 25 °C. The first germination count was
performed at four days after setting up the test, and the last, at seven days. Classification was made of normal seedlings,
abnormal seedlings, and dead seeds, and the result was expressed in percentage of abnormal seedlings (Brasil, 2009b).

Cold test without soil: performed using germitest paper as a substrate, moistened with water in the
amount of 2.5 times the dry weight of the paper, with four replications of fifty seeds in the form of rolls, similar to
the germination test. The rolls were placed in plastic bags and kept in a chamber regulated to 10 °C for seven days. After
that period, the rolls were removed from the plastic bags and kept in a seed germinator regulated to 25 °C, for four days
(Krzyzanowski et al., 1999). After that, the seedlings were evaluated, considering only normal seedlings, following the
criteria adopted for the germination test (Brasil, 2009b).

Accelerated aging: gerbox transparent plastic boxes (11.5 x 11.5 x 3.5 cm) were used with screens inside, on which
the seeds were distributed so as to form a uniform layer. At the bottom of each plastic box, 40 mL of distilled water was
added, establishing an environment with 100% relative humidity. The boxed were closed and kept in an aging chamber
(BOD type) at 42 °C for 72 hours. After that period, the seeds were removed from the chamber and the germination
test was performed, evaluating normal seedlings on the fifth day after setting up the test.

Seed health test: the sanitary quality of the seeds was determined through the filter paper method (blotter test),
following the method of the Manual de Andlise Sanitdria de Sementes (Brasil, 2009a). Eight replications of fifty seeds
were used per treatment. The seeds were placed on three sheets of previously sterilized and moistened filter paper in
Petri dishes that were transparent and with lids. The samples were cooled in a freezer for 24 h. After that, the samples
were incubated at 20 + 2 °C for a period of ten days under a regime of twelve hours of light. At the end of this period,
the seeds were individually examined under a stereomicroscope at a resolution of 30—80 X. Results were expressed in
percentage of occurrence of fungi.

The experiment was conducted in a completely randomized experimental design in a 2 x 4 x 4 factorial arrangement,
with four replications, constituted by two classifications regarding seed size (CH20/64 and CH24/64), four chemical
treatments, and four storage periods.
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Data were analyzed through the Sisvar statistical program (Ferreira, 2011). The Tukey test at 5% probability was
used to compare the means, and a regression study was performed for the storage period factor.

RESULTS AND DISCUSSION

Germination test

There was no difference among the chemical treatments used up to 180 days of storage for seeds of size CH24/64
(Table 3). Nevertheless, in seeds of size CH20/64 under the treatment with thiamethoxam at 0 days and clothianidin at
ninety days of storage, results inferior to the other treatments were observed. From 180 days of storage on, seeds of
size CH20/64 did not show statistical differences among the treatments.

In spite of loss of quality over the storage period (Figure 1), seeds of the hybrid BM915 PRO maintained germination
percentages above the minimum standard established by the Ministry of Agriculture for commercialization (85%
germination). It is noteworthy that the use of the standard treatment resulted in smaller reductions in seed physiological
quality in relation to the others.

Similar results were observed by Rosa et al. (2012) and Tonin et al. (2014) upon using hybrid maize seeds treated with
different insecticides. The authors found loss of physiological quality when the seeds were treated with thiamethoxam
and stored in a natural environment for 180 and 270 days.

Mariucci et al. (2018) observed reduction in germination of hybrid maize seeds under treatments with insecticides,
fungicides, and different combinations of inoculants after 45 days of storage.

Lorenzetti et al. (2014) found that maize seeds treated with fipronil did not lose physiological quality after a 42-day
storage period, which corroborates the results obtained in the present study.

For the results of germination, the addition of the active compound thiamethoxam to the standard treatment used
by the production company resulted in loss of physiological quality of maize seeds.

Various authors affirm that the quality of stored seeds of hybrid maize treated with insecticides is affected not only
by the chemical product used in the seed treatment, but also by the genotype and by the conditions of the storage
environment (Bittencourt et al., 2000; Marcos-Filho, 2005; Rosa et al., 2012; Tonin et al., 2014). These assertions
corroborate the results of this study.

Table 3. Germination percentage of seeds of the maize hybrid BM915 PRO in accordance with storage periods (SP),
seed size, and chemical treatments.

Treatment
SP (days) Seed size * *Standard treat. + *Standard treat. + *Standard treat.+

Standard treat. clothianidin thiamethoxam fipronil

CH 20/64 96 Aa 95 Aa 88 Bb 97 Aa

0 CH 24/64 97 Aa 98 Aa 97 Aa 99 Aa
% CH 20/64 96 Aa 90 Bb 97 Aa 95 Aa
CH 24/64 98 Aa 97 Aa 98 Aa 95 Aa

CH 20/64 93 Ba 96 Aa 93 Aa 92 Ba

180 CH 24/64 98 Aa 95 Aa 96 Aa 96 Aa
270 CH 20/64 90 Ba 91 Aa 89 Aa 89 Ba
CH 24/64 97 Aa 90 Ab 92 Aab 95 Aab

CV (%) 3.09

Mean values followed by the same uppercase letter in the column and lowercase letter in the row within each storage period do not differ from
each other by the Tukey test at 5% significance.
*Standard treatment.
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Stantard treatment + thiamethoxan y = 89.075000 + 0.103611x 0.00036x> R*=85.53% Stantard treatment + thiamethoxan y = 98.550000 - 0.018889x R*=78.11%
R?=99.02%
Figure 1. Germination percentage of seeds of the maize hybrid BM915 PRO, sizes CH20/64 and CH24/64, in accordance
with storage periods and chemical treatments.

Cold test without soil

There were no significant effects of the treatments in this test. Bernardi (2015), working with other hybrid, found
that treated and stored maize seeds for up to ninety days did not lose physiological performance under the cold test,
and seed vigor remained equivalent to that at the beginning of the experimental period.

Horri and Shetty (2007) found that decreases in the viability and vigor of seeds treated with insecticides are not
only due to the metabolic changes caused by possible phytotoxic effects of the products, but may also be attributed to
damage to cell membranes. Mariucci et al. (2018) likewise observed reduction in vigor of maize seeds treated with the
combination of fungicides, insecticides, and inoculants and stored for ninety days.

The query formulated by Hammann (2008) suggests that use of the cold test for vigor evaluation of chemically
treated seeds is inappropriate, due to the high number of treated seeds placed per volume of substrate to carry out
the test, whether this is conducted in paper or boxes with soil. This would result in a high concentration of active
compounds in relation to the true potential for product dilution under field conditions.

Nevertheless, Popinigis (1997) defends the use of the cold test to predict seed performance in the field or in storage, as well
as to determine vigor among seed lots and evaluate the effect of fungicide seed treatment. This is because the combination of
low temperatures and high humidity is used to allow survival of only the most vigorous seeds, since test conditions can reduce
the speed of germination and favor the performance of harmful microorganisms (Marcos-Filho et al., 1987).

Accelerated aging

There was difference among the chemical treatments at 0 days of storage; the lowest vigor values were observed
in seeds under the standard treatment + thiamethoxam. At ninety days, there was no difference among treatments.
At 180 and 270 days of storage, the lowest results were attributed to the standard treatment + clothianidin and to the
standard treatment + fipronil, respectively (Table 4).

There was no statistical difference in relation to seed size at zero and ninety days of storage (Table 5).

In general, the physiological quality of the seeds declined over the storage period, given the loss of vigor observed
in the accelerated aging test, regardless of the chemical treatment used and the size of the seeds (Figures 2 and 3).
In this test, high temperature and high humidity conditions prevail, which are severe for the seeds and favorable to
development of storage fungi, such as Penicillium and Aspergillus, thus leading to a more rapid decline in vigor.

A greater reduction in percentage of germination was observed in seeds of size CH20/64 compared to those of size
CH24/64 (Figure 2).
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Table 4. Germination percentage of seeds of the maize hybrid BM915 PRO under accelerated aging in accordance with
chemical treatments and storage periods.

Storage period (days)

Treatment
0 90 180 270
*Standard treat. 91 AB 93 A 84 A 76 AB
*Standard treat + clothianidin 96 A 92 A 46 C 85A
*Standard treat + thiamethoxam 85B 86 A 73 B 79 AB
*Standard treat + fipronil 94 AB 92 A 73B 72 B
CV (%) 9.07

Mean values followed by the same uppercase letter in the column do not differ from each other by the Tukey test at 5% significance.

*Standard treatment.

Table 5. Germination percentage of seeds of hybrid maize BM915 PRO under accelerated aging in accordance with

seed size and storage periods.

Storage period (days)

Seed size
0 90 180 270
CH 20/64 92 A 89 A 76 A 738B
CH 24/64 91A 92 A 618 83A
CV (%) 9.07

Mean values followed by the same uppercase letter in the column do not differ from each other by the Tukey test at 5% significance.

Figure 2. Germination percentage of seeds of the maize
hybrid BM915 PRO under accelerated aging in
accordance with storage periods and seed size.

Stantard treatment + thiamethoxan y =81

treatments.

Figure 3. Germination percentage of seeds of the maize
hybrid BM915 PRO under accelerated aging in
accordance with storage periods and chemical
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Seed health

In addition to the effects on physiological quality, the standard treatment adopted by the company and the addition of
other compounds to the seed chemical treatment did not completely inhibit the occurrence of microorganisms, regardless
of the chemical treatment and seed size, and this occurrence was variable throughout the storage period (Table 6).

Fusarium was found in greater quantity in seeds compared to the fungi characteristic of stored grains in the
initial period of the experiment (from zero to ninety days). Up to ninety days of storage, there was an increase in the
occurrence of the fungi Fusarium, Aspergillus flavus, and Penicillium spp. in the seeds, in all the hybrids used. From that
period on, a reduction in these pathogens was observed, even coming to lack of detection in some treatments. The
same response was found both for seeds of size CH20/64 and for those of size CH24/64. However, for the seeds of size
CH24/64, the reduction in the quantity of pathogens was slower.

Lasca et al. (2005) evaluated the occurrence of fungi in seeds of two maize hybrids under chemical treatment and
found greater occurrence of Fusarium verticillioides in seeds of the hybrid Z 8392 (84.75%), and the second greatest

Table 6. Mean percentage values of the occurrence of fungi in seeds of the maize hybrid BM915 PRO, sizes CH20/64
and CH24/64, in accordance with chemical treatments at 0, 90, 180, and 270 days of storage.

**Fungus (%)

FU AF PE AN AO
sDtZXZg; Treatment
CH20/64 CH24/64 CH20/64 CH24/64 CH20/64 CH24/64 CH20/64 CH24/64 CH20/64 CH24/64
*Standard treat. 77.5 85.5 3 0.5 19.5 33 0 0.5 1 0
*
Standard treat. - 44 48 3.5 25 145 20 1 1 0.5 0.5
+ clothianidin
0 *
Standard treat. 53.5 15 0 17 20.5 0.5 05 3 15
+ thiamethoxam
*
Standard treat. ) ; 485 4 0 18.5 19.5 0 0 15 0.5
+ fipronil
*Standard treat. 79 48.5 3.5 1.5 40.5 41.5 0 0.5 3.5 1.5
*
Standard treat. g 47.5 35 0.5 52.5 52.5 05 0.5 0.5 0
+ clothianidin
90 *
Standard treat. 5, 54 4 2 36 59.5 0 0 3.5 15
+ thiamethoxam
*
Standard treat. /g 98 6.5 1 47 455 25 0 3.5 3.5
+ fipronil
*Standard treat. 0 0 5 2 8.5 7 0 0 0.5 0
*Standard treat.
+ clothianidin 0 0 6 > 6.5 ? 0 0 1 0
180 *Standard treat.
+ thiamethoxam 0 0 4.5 3 9 13.5 0 0 1.5 0
*Standard treat.
+ fipronil 0 0 1.5 1 2 4.5 0 1.5 0 0.5
*Standard treat. 0.5 0 3.5 0 0 0.5 0 2 0 0
*Standard treat. 0 0 1 05 05 ) 0 0 0 0
+ clothianidin ’
270 *Standard treat.
+ thiamethoxam 0 0 1.5 0.5 0 0.5 0 2 0 0
*Standard treat. 0 1 0 0 13 6.5 0 1 05 0

+ fipronil

**FU — Fusarium; AF — Aspergillus flavus; PE — Penicillium spp.; AN — Aspergillus niger; AO — Aspergillus ochraceus.
*Standard treatment.
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in the hybrid DAS 9560 (61.50%). According to Galperin et al. (2003), this fungus is widely disseminated and can cause
considerable damage to the maize crop. However, it has been shown that the fungi Fusarium verticillioides, Penicillium
sp., and Aspergillus sp. found in the seeds used in this study generally do not affect germination of maize seeds under
normal sowing conditions (Pinto, 1996).

In general, it was observed that the mixture of insecticides with the standard treatment did not negatively affect
the action of the fungicide on the pathogens.

CONCLUSIONS

The physiological quality of the maize hybrid seeds BM915 PRO is maintained up to ninety days of storage, regardless
of the chemical treatment used and the size of the seeds.

Addition of the insecticide to the standard treatment used in seed chemical treatment does not affect the action of
the fungicides on the fungi present in the seeds.
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