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ABSTRACT: The objective of this study was to assess the impact of incorporating vermiculite
into germination tests for both chemically treated and untreated stored cotton seeds. To
that end, two independent experiments were conducted using cotton seeds of the cultivar
DP1746B2RF under chemical treatment with a mixture of fungicide, insecticides, and
nematicide; and both experiments were set up in a completely randomized design with
four replications. In Experiment 1, the objective was to determine the ideal water volume
for moistening the vermiculite. Four water volumes were used: 1.5, 2.0, 2.5, and 3.0
times the weight of the dry vermiculite. Experiment 2 was conducted in a 2 x 2 x 2 triple
factorial arrangement consisting of two substrates (germitest paper and germitest paper
+ vermiculite), two treatments (chemically treated seeds and untreated seeds), and two
storage periods (0 and 150 days). First germination count and germination were evaluated
in the two experiments. From the results found in Experiment 1, the water volume
corresponding to 3.0 times the weight of the vermiculite provided the best conditions
for germination. In Experiment 2, the most appropriate substrate for conducting the
germination test of untreated and chemically treated cotton seeds is vermiculite, which led
to rapid germination and uniform seedling development.

Index terms: Gossypium hirsutum L., phytotoxicity, substrate.

RESUMO: Objetivou-se avaliar o efeito da inclusdo da vermiculita no teste de germinacgdo
em sementes de algod3do ndo tratadas e tratadas quimicamente. Para isso, foram conduzidos
dois experimentos independentes, utilizando-se sementes de algoddao da cultivar
DP1746B2RF, submetidas ao tratamento quimico com mistura de fungicida, inseticidas
e nematicida, ambos, instalados em delineamento inteiramente casualizado com quatro
repeticdes. No Experimento 1, objetivou-se determinar o volume de agua ideal para o
umedecimento da vermiculita. Foram utilizados quatro volumes de agua: 1,5; 2,0; 2,5 e
3,0 vezes o peso da vermiculita seca. O Experimento 2 foi conduzido em esquema fatorial
triplo 2 x 2 x 2 sendo: dois substratos (papel germitest e papel germitest + vermiculita), dois
tratamentos (sementes tratadas quimicamente e sementes ndo tratadas) e dois periodos de
armazenamento (0 e 150 dias). Avaliou-se nos dois experimentos, a primeira contagem de
germinacgdo e a germinacgao. Pelos resultados encontrados no Experimento 1, o volume de
agua correspondente a 3,0 vezes o peso da vermiculita proporcionou as melhores condigdes
para germinacdo. No Experimento 2, o substrato mais apropriado para condugdo do teste de
germinacdo de sementes de algoddo ndo tratadas e tratadas quimicamente, é a vermiculita,
tendo proporcionado rapida germinagdo e desenvolvimento uniforme das plantulas.

Termos de indexagdo: Gossypium hirsutum L., fitotoxidade, substrato.
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INTRODUCTION

Brazilian legislation requires a minimum of 70% germination for the basic seed category and 75% for the certified seed
category for trading cotton seeds (Brasil, 2013). These percentages are provided by the official germination test, whose
rules for seed analyses recommend the use of germitest (germination testing) paper or sand as a substrate (Brasil, 2009).

Nevertheless, test lots of cotton seeds have become inviable when germitest paper was used, due to the presence
of fungi on the seed coat, which, when associated with the conditions of the paper substrate, create an environment
favorable to fungal proliferation, interfering in the germination process (Oliveira et al., 2016).

Anotherimpediment is in the use of sand as a substrate for the standard test, because there may be a negative correlation
of the test with the emergence of seedlings in the field, especially if the seeds manifest fungal infestation (Schuab et al., 2006).

In addition to performing analyses with untreated cotton seeds, chemical treatments have been used, with the
aim of minimizing problems caused by pathogens, ensuring the protection and/or eradication of pathogens associated
with the seeds (Chitarra et al., 2009; Kubo et al., 2012; Braghin et al., 2014). However, some products (insecticides and
fungicides) can cause phytotoxicity to the seeds and seedlings at the time of the germination test (Pereira et al., 2018;
Del Bem-Junior et al., 2020; Tunes et al., 2020).

In addition, various studies have been developed confirming the phytotoxic effect of the products used in the
chemical treatments of seeds at the time of the germination test using germination test paper (Baldini et al., 2018;
Abati et al., 2020; Alvarenga et al., 2020).

However, in order to minimize the effects of phytotoxicity, some authors propose the use of vermiculite between
papers as an alternative substrate for conducting the germination test in treated seeds of sweet corn (Bersch et al., 2021);
rice (Xavier et al., 2021), and soybean (Rocha et al., 2020). Moreover, for cotton, there is little information in this respect.

Thus, both paper and sand substrates used for germination test exhibit inefficiencies in meeting the germination
requisites of both untreated and chemically treated cotton seeds. That leads to the need to study alternative substrates
that provide specific conditions in which the test can allow expression of the real physiological potential of cotton seeds
without negative interference from the substrate.

Therefore, including vermiculite between towel papers as an alternative substrate is proposed for conducting the
germination test of chemically treated and untreated cotton seeds, for the purpose of inhibiting the phytotoxic effects
and the occurrence of fungi, optimizing maximum expression of germination potential.

In addition, vermiculite is a substrate that has been used for production of ornamental plants (Santos and Castilho,
2018) and in production of seedlings of forest species (Silva et al., 2017), and it might come to be recommended
for conducting the standard germination test in seed analysis laboratories. Its characteristics confer advantages for
better support of seeds and seedlings, such as low density, porosity, water holding capacity, chemical composition, and
uniform particle size (Martins et al., 2009).

Thus, the aim of this study was to evaluate the performance of vermiculite as a substrate between papers to
conduct the germination test of treated and untreated cotton seeds, as well as to establish the ideal volume of water
for moistening this substrate and preparing the test setup.

MATERIAL AND METHODS

The study was developed in the Central Seed Analysis Laboratory of the Universidade Federal de Lavras (UFLA),
Lavras, MG, Brazil. Seeds of the cotton cultivar DP1746B2RF from the 2019/20 crop year were used, provided by the
J&H Sementes company.

The cotton seeds were chemically delinted using concentrated sulfuric acid (98%) at the proportion of 1 L for every
7 kg.seeds™. The delinting process lasted eight minutes, followed by washing with running water (one minute) and
neutralization with calcium hydroxide / hydrated lime (Ca(OH),) diluted in water at the concentration of 10% (one
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minute). After the neutralization process, the seeds were washed in running water (one minute) and dried at ambient
temperature for 72 hours.

The lot of delinted seeds was divided into two samples: one remained without treatment and the second was
treated with a mixture of chemical products, described in Table 1. The L5K device from Momesso Arktos Laboratdrio
was used for the chemical seed treatment, which simulates the industrial treatment of seeds in batches, with calibration
of 15 hertz in the inverter of the device.

The seeds were placed in multiwall Kraft type paper bags for each period of evaluation and storage in a conventional
warehouse without climate (temperature and relative humidity) control. The tests were conducted soon after the seed
treatment and at 150 days of storage.

The moisture content (w.b.) was determined before and after storage using the oven method at 105 °C + 3 °C for
24 hours, in which two replications of 4.5 g of seeds were used (Brasil, 2009). The results were expressed in percentage
based on wet weight.

Experiment 1

The experiment was conducted in a completely randomized experimental design with four replications and one
factor, which was four volumes of distilled water: 1.5, 2.0, 2.5, and 3.0 times the dry weight of the fine expanded
vermiculite (90% to 100% of the particles from 0.30-0.50 mm), using chemically treated cotton seeds.

The towel paper was moistened at the proportion of 2.5 times the weight of the dry paper, according to the Rules
for Seed Testing (Regras para Andlise de Sementes) (Brasil, 2009). The vermiculite was moistened separately at the
proportions of water volume cited above (1.5, 2.0, 2.5, and 3.0 times the weight of the dry vermiculite).

After the moistening procedures were carried out, the germination test was set up using three sheets of towel
paper, in which two sheets served as a base, placing a 100-mL volume of vermiculite and distributing it in a single
uniform layer (Figure 1A). After that, the seeds were sown with the aid of a perforated plate (Figure 1B) and closure
was made with the third sheet; and rolls were then formed (Figure 1C).

To prevent the rolls from toppling over, the vermiculite layer was distributed up to the fold of the paper, leaving free
space only on the opposite side of the paper and at the upper part, as shown in Figure 1A. One sheet of towel paper
was wrapped around every four rolls to hold them together (Figure 1D). In place of germitest paper, rubber bands can
be used, placing them at the two ends of the rolls as an alternative.

First germination count was evaluated at four days after sowing and final germination count at twelve days. The
results were expressed in percentage of normal seedlings (Brasil, 2009).

Table 1. Doses of the commercial products used in the treatment of cotton seeds.

Commercial product  Type of product 1 Dose S:ggsci%mmercial Active(irr;gLr)edient Doseinzi%olied
Avicta 500 FS N+l 3 Abamectin 500 6
Cruiser 350 FS I 400 - 600 Thiamethoxam 350 12

Azoxystrobin 75
Dynasty F 100 - 300 Metalaxyl-M 37.5 6
Fludioxonil 12.5
Fortenza 600 FS I 300 - 400 Cyantraniliprole 600 6
Biocroma P 400 - 600 8
Biogloss DP 400 - 600 12 (g)
Grafite G 100 - 200 4 (g)

!N = Nematicide, | = Insecticide, F = Fungicide, P = Polymer, DP = Drying powder, G = Graphite
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Figure 1. Methodology of setting up the alternative germination test with vermiculite, showing adequate distribution
of the vermiculite (A), sowing (B), arrangement of the rolls (C), and closure of the rolls (D) (Experiment 1).

Experiment 2

A completely randomized design was used in a 2 x 2 x 2 triple factorial arrangement (two substrates: towel paper
and towel paper + fine expanded vermiculite x two seed treatments: chemically treated seeds and untreated seeds x
two storage periods: 0 and 150 days).

The methodology of the germination test available in the Rules for Seed Testing (Regras para Andlise de Sementes)
(Brasil, 2009) was used for the towel paper substrate, which stipulates moistening at the proportion of 2.5 times the
weight of the dry paper. The substrate composed of the towel paper + vermiculite, in turn, was prepared as described
in Experiment 1, using the water volume corresponding to 3.0 times the weight of the vermiculite.

The results were evaluated by first germination count at four days after sowing and final germination count at
twelve days, according to Brasil (2009). Results were expressed in percentage.

The Shapiro-Wilk test was used on the data of the two experiments, and after confirmation of the normality of
the data, analysis of variance was carried out by the F test (p < 0.05), with comparison of the means by Tukey’s test
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(p < 0.05) and regression analysis for Experiment 1. The SISVAR 5.6 statistical software was used (Ferreira, 2014), and
graphics were prepared on the SigmaPlot 10.0 software.

RESULTS AND DISCUSSION

The moisture content of the cotton seeds after drying at ambient temperature was from 11.7% to 12% after 150
days of storage. These values are considered adequate for germination capacity of the species. The determination of
seed moisture content is fundamental for the official seed quality tests because of its effect on physiological quality,
where seeds with non-standard moisture content may be of lower quality (Sarmento et al., 2015).

The use of different volumes of water for moistening vermiculite significantly (p-value = 0.01%) affected the first
germination count and germination variables, and the seeds tended to exhibit an increase in the percentage of first
germination count and germination as a result of an increase in water volume in the vermiculite substrate.

In evaluation of first germination count (Figure 2A), the water volume of the treatment of 3.0 times the weight of the
dry vermiculite was statistically superior to the other treatments, showing 99% germination, indicating that probably
the greatest volume of water (three times) favored rapid imbibition of the seeds, due to the greater water availability
of the substrate. This corroborated what was described by Carvalho and Nakagawa (2012), who consider the greater
availability of water for the seed as a factor that makes for greater absorption, thus accelerating the germination
process and, consequently, providing for greater vigor expression.

The other treatments—1.5, 2.0, and 2.5 times the weight of the dry vermiculite — were statistically inferior compared
to the threefold (3.0) water volume, with differences of 35, 23, and 14 percentage points, respectively. Those water
volumes (1.5, 2.0, and 2.5 times) did not favor vigor expression in first germination count, which could lead to a false-
negative result.

These results showed how important providing adequate water to cotton seeds is in germination tests, because it
prevents erroneous results. Reduction in the percentage of first germination count can be explained by the fact of the
cotton seeds having a thicker seed coat compared to other species, such as soybean. Therefore, there is the need for a
greater supply of water for cotton seeds.

Nevertheless, the response of species to excess or scarce water may vary according to the characteristics of
their seed coat, as observed by Gordin et al. (2015), who found that in Niger seed, greater availability of water in
the substrate favored first germination count and germination. The contrary was observed by Azeredo et al. (2010),
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Figure 2. Results of first germination count (A) and germination (%, e) (B) of treated cotton seeds, as a function of
different water volumes (1.5, 2.0, 2.5, and 3.0 times the weight of the dry vermiculite) (Experiment 1).
*: Significant at P < 0.05.
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who found that in Cabbage seeds, water volumes greater than or equal to three times the weight of the dry paper
reduce germination.

An increasing linear curve was observed in the germination results (Figure 2B), and the highest germination
percentages were at the water volumes corresponding to 3.0 times (100%), followed by 2.5 times (92%), though the
threefold water volume was superior (Table 2). The other volumes (2.0 and 1.5 times) exhibited germination below
90%, which did not reflect the real physiological potential of the cotton seeds.

In addition to exhibiting lower germination percentages, the volumes of water below 3.0 times the dry weight
required repetition of moistening after first germination count, which showed the ineffectiveness of these water volumes
in maintaining the substrate moist over the test period of 12 days. Moistening the substrate after first germination
count can lead to variation in the germination results, since it is not uniform moistening, and its ineffectiveness was
visibly observed in the results (Figure 2B).

The substrate should be moistened in quantities satisfactory for each type of substrate that is to be used, taking
into consideration that each substrate has specific characteristics, such as particular particle sizes, aggregation, water
holding capacity, porosity, and contact surface with the seed (Martins et al., 2011).

These water deficit conditions during the germination test confirm that described by Marcos-Filho (2015), who
considers the lack of water availability as a condition that reduces germination, up to the point of embryo death.

Therefore, the germination test using fine expanded vermiculite between towel paper can be conducted with
vermiculite moistened at 3.0 times its dry weight. Under these conditions, there was sufficient water retention to favor
cotton seed germination without the need for additional moistening of the substrate.

The results found in first germination count (Table 2) confirm that the percentage of normal seedlings for untreated
seeds was statistically higher in the substrate composed of towel paper + vermiculite (80%) compared to that obtained
in the substrate of the towel paper, which exhibited 69%, a difference of 11 percentage points at zero storage time.
That suggests that with the addition of vermiculite in towel paper, there was an increase in seed performance already
at first germination count, due to the particle size of the vermiculite retaining sufficient moisture and maintaining good
aeration, creating optimal and favorable conditions for rapid germination (Martins et al., 2011).

Table 2. Mean results of first germination count and germination of cotton seeds of the cultivar DP 1746 B2RF treated
with a mixture of fungicides, insecticides, and nematicides, stored for 150 days, as a function of two substrates
(germitest paper and germitest paper + vermiculite).

First germination count

Storage period (days)

Substrate 0 150
Treatment
Untreated seeds Treated seeds Untreated seeds Treated seeds

Germitest paper 69 bB* 84 bA* 55 bB® 74 bA®

Germitest paper + Vermiculite 80 aB* 100 aA* 70 aB® 83 aA®
CV (%) 1.06
Germination

Germitest paper 77 bB? 90 bA? 67 bB® 85 bA®

Germitest paper + Vermiculite 88 aB* 100 aA* 80 aB® 93 aA®

CV (%) 1.05

*Means followed by the same lowercase letter in the column, uppercase letter in the row, and uppercase superscript letter do not differ from
each other by Tukey’s test at P < 0.05.
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These results corroborate those found by Martins et al. (2011) on the germination performance of Stryphnodendron
seeds with different substrates, where they observed that the use of vermiculite may be favorable for an increase in
normal seedlings in first germination count, as long as particle size and moisture ideal for the species are observed.

Still at the same evaluation time (day 0) for treated seeds, the first germination count percentage was higher in
the substrate of towel paper + vermiculite, with 100% normal seedlings, while the towel paper substrate showed 84%
normal seedlings, a difference of 16 percentage points between the substrates.

After storage (150 days), there was reduction in the percentage of first germination count (Table 2); the untreated
seeds in towel paper substrate resulted in 55% normal seedlings, a reduction of 14 percentage points in comparison
with the initial value of 69% at day zero.

That probably occurred as a result of storage without control of temperature and relative humidity. Under those
conditions, seed metabolism remains active, and the seed uses up its reserves. In addition, there is an increase in fungi
that feed on cotyledons. These factors in combination accelerate seed deterioration.

In the substrate of towel paper + vermiculite, in turn, untreated seeds resulted in 70% first count germination, 10
percentage points below the value at day zero (80%). Although the seeds were not treated, better performance was
seen, which was promoted by the use of vermiculite, as it inhibited secondary contamination from infected seedlings
to healthy seedlings.

At 150 days of storage, treated seeds sown in the substrate of towel paper + vermiculite showed 83% in first count
germination, 9 percentage points different from the seeds treated in the substrate of towel paper alone (74%). These
results show the positive correlation of the chemical treatment with the vermiculite-based substrate. The chemical
treatment acted to preserve and protect the physiological and sanitary quality of the seeds; vermiculite, in turn,
constituted a favorable structure between the paper for germination of treated cotton seeds.

The germination results (Table 2) showed that in the first storage time (day 0), the untreated seeds of the germitest
paper substrate had germination of 77%. In the substrate of towel paper + vermiculite, the germination was 88% (Table 2).

There was a difference of 11 percentage points in the performance of the seeds from one substrate to another. In
addition, it can be seen that the vermiculite provided for greater capacity of development of cotton seedlings than that
of the towel paper substrate alone, as shown in Figure 3.

In that same evaluation time (day 0), the treated seeds in towel paper substrate showed 90% germination, and in
the substrate of towel paper + vermiculite, 100% germination, an increase of 10 percentage points from one substrate

Figure 3. Cotton seedlings in the final count of the germination test by the traditional method (A) and alternative
method with vermiculite (B) (Experiment 2).
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to the other. This result leads us to consider the inclusion of vermiculite in conducting the cotton seed germination test
through its plasticity in meeting the requirements of treated seeds; it expressed the maximum potential of the seed lot.

The same did not occur in the towel paper substrate, because it concealed the true physiological quality of the
cotton seeds. This lower germination may be the effect of greater concentration of the chemical product around the
seed in the paper substrate, leading to phytotoxicity for the seeds and reducing germination potential.

The phytotoxicity that can occur in the standard germination test is due to the area of contact of the seed with the
chemical product on the germitest paper, which can bring about an average concentration 3,500 times greater than in
emergence in the field (Alvarenga et al., 2020).

In contrast, the response of the treated seeds to the addition of vermiculite was positive because the vermiculite
favored germination and spread the chemical product around the seeds, preventing a possible situation of phytotoxicity.

The benefits of the use of vermiculite to improve the performance of treated seeds have already been reported
by other authors, such as Xavier et al. (2021) in rice seeds. They observed that the addition of vermiculite between
the paper was effective in evaluation of the germination test of treated seeds. Tunes et al. (2021) obtained a higher
percentage of germination in chemically treated soybean seeds using vermiculite between the paper; and Bersch et
al. (2021), working with maize seeds treated with different products, observed that vermiculite between the paper is a
viable alternative substrate for evaluation of germination.

In the second germination evaluation time, at 150 days of storage, the untreated seeds in the towel paper substrate
obtained 67% germination, and in the substrate of towel paper + vermiculite, 80% germination, a difference of 13
percentage points. The treated seeds in towel paper substrate obtained 85% germination and in the substrate of towel
paper + vermiculite, 93%.

These results suggest that the chemical treatment of cotton seeds was indispensable in maintaining their
physiological quality, especially when the intention is to store them. It is also an ally in conducting the germination test
and in expression of the physiological potential of cotton seeds.

Therefore, the results observed while conducting the experiment confirmed that vermiculite favors better
performance of cotton seeds, whether they are chemically treated or untreated. Vermiculite can be considered an
alternative substrate for conducting the standard germination test in seed analysis laboratories.

CONCLUSIONS

The volume of water ideal for moistening the vermiculite for conducting the germination test is 3.0 times the
weight of the dry vermiculite.

Utilizing the towel paper + vermiculite substrates is a practical approach for conducting the germination test,
enabling the assessment of the physiological quality of both chemically treated and untreated cotton seeds, regardless
of whether they have been stored for 150 days or not.

Employing vermiculite effectively minimizes seedling contamination by common fungi during the germination test,
when compared to the use of germination papers and, moreover, it helps mitigate potential phytotoxic effects arising
from chemical seed treatments.

ACKNOWLEDGMENTS

Our thanks to the Universidade Lurio and to the African Development Bank for granting scholarships. To the J&H
Sementes and the Syngenta Seed Care Institute companies for providing seeds and products for carrying out the study.
To the Universidade Federal de Lavras — Department of Agriculture, Seed Sector (Seed Analysis Laboratory), for making
infrastructure, equipment, and material available for carrying out the study.

Journal of Seed Science, v.45, e202345027, 2023



Use of vermiculite in germination testing 9

REFERENCES

ABATI, J.; BRZEZINSKI, C.R.; BERTUZZI, E.C.; HENNING, F.A.; ZUCARELI, C. Physiological response of soybean seeds to spray volumes
of industrial chemical treatment and storage in different environments. Journal of Seed Science, v.42, €202042002, 2020. doi.
org/10.1590/2317-1545v42221062

ALVARENGA, G.; ROSSETTI, C.; ALMEIDA, A.S.; RODRIGUES, D.B.; MARTINS, A.B.; AGUIAR, R.N.; EVANGELISTA, E.A.; TUNES, L. V. M,;
Sementes de milho tratada: substratos e metodologia alternativa para o teste de germinagao. Brazilian Journal of Development,
v.6, n.6, p.41190-41210, 2020. doi.10.34117/bjdv6n6-600

AZEREDO, G.A.; SILVA, B.M.S.; SADER, R.; MATOS, V.P. Umedecimento e substratos para germinacdo de sementes de repolho.
Pesquisa Agropecudria Tropical, v.40, n.1, p. 77-82, 2010. doi.org/10.5216/pat.v40i1.4010

BALDINI, M.; FERFUIA, C.; PASQUINI, S. Effects of some chemical treatments on standard germination, field emergence and vigor in
hybrid maize seeds. Seed Science and Technology, v.46, n.1, p.41-51, 2018. doi.org/10.15258/sst.2018.46.1.0

BERSCH, I.R.; FIGUEIREDO, J.C.; ROSSETTI, C.; SILVA, J.B.; ALMEIDA, A.S.; RODRIGUES, D.B. Sementes de milho doce tratadas:
substratos para o teste de germinacdo e sanidade. Research, Society and Development, v.10, n.13, e363101320931, 2021. doi.
org/10.33448/rsd-v10i13.20931

BRAGHIN, P.A; ARAUJO, D.V.; BATISTTI, M.; KRAUSE, W.; DIAS, L.D.E.; ROSA, H.H.R.; Eficiéncia do controle quimico em sementes de
algodoeiroinoculadas com Rhizoctonia solan. Enciclopédia Biosfera, v.10,n.18,2014. https://www.conhecer.org.br/enciclop/2014a/
AGRARIAS/Eficiencia%20do%20controle.pdf

BRASIL. Ministério da Agricultura, Pecudria e Abastecimento. Instrugdo Normativa n° 45, de 17 de setembro de 2013. Didrio
Oficial da Unido, se¢do 1: 45, 25, 2013. https://www.gov.br/agricultura/ptbr/assuntos/insumosagropecuarios/insumosagricolas/
sementes-e-mudas/publicacoes-sementes-e-mudas/copy_of INN45del7desetembrode2013.pdf

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Regras para Andlise de Sementes. Ministério da Agricultura, Pecudria
e Abastecimento. Secretaria de Defesa Agropecudria. Brasilia: MAPA/ACS, 399p. 2009. https://www.gov.br/agricultura/pt-br/
assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf/view

CARVALHO, N.M.; NAKAGAWA, J. Sementes: Ciéncia, Tecnologia e Produgdo. Funesp: Jaboticabal, 2012. 590p.

CHITARRA, L.G.; GOULART, A.C.P.; ZORATO, F.M. Tratamento de sementes de algodoeiro com fungicidas no controle de patégenos
causadores de tombamento de plantulas. Revista Brasileira de Sementes, v.31, n.1, p.168-176, 2009. doi.org/10.1590/50101-
31222009000100019

DEL BEM-JUNIOR, L.; FERRARI, J.L.; DARIO, G.; RAETANO, C.G.; Impact of storage on the physiological quality of soybean seeds after
treatment with fungicides and insecticides. Journal of Seed Science, v.42, 202042037, 2020. doi.org/10.1590/2317-1545v42236236

FERREIRA, D.F.Sisvar:aguideforitsbootstrap proceduresinmultiple comparisons. Ciénciae Agrotecnologia,v.38,n.2,p.109-112,2014.
doi.org/10.1590/5141370542014000200001

GORDIN, C.R.B.; SCALON, S.P.Q.; MASETTO, T.E. Disponibilidade hidrica do substrato e teor de d4gua da semente na germinagao de
niger. Pesquisa Agropecuaria Tropical, v.45, n.3, p.312-318, 2015. doi.org/10.1590/1983-40632015v4535337

KUBO, R.K.; MACHADO, A.C.Z.; OLIVEIRA, C.M.G.; Efeito do tratamento de sementes no controle de Rotylenchulus reniformis
em dois cultivares de algoddo. Arquivos do Instituto Bioldgico, v.79, n.2, p.239-245, 2012. https://www.scielo.br/j/aib/a/
ZkItTYIngBGQrp7zrTCcNdB/?format=pdf&Ilang=pt

MARCOS-FILHO, J. Fisiologia de sementes de plantas cultivadas. Londrina: ABRATES, 2015. 660p.

MARTINS, C.C; MACHADO, C.G.; CALDAS, J.G.R; VIEIRA, J.G. Vermiculita como substrato para o teste
de germinacdo de sementes de Barbatimdo. Ciéncia Florestal, v.21, n.3, p.421-427, 2011. https://www.scielo.br/j/cflo/a/
gBDnFgsnXVk7yGhwMPYjQTQ/?format=pdf&lang=pt

MARTINS, C.C.; BOVI, M.L.A.; SPIERING, S.H. Umedecimento do substrato na emergéncia e vigor de plantulas de pupunheira. Revista
Brasileira de Fruticultura, v.31, n.1, p.224-230, 2009. www.doi.org/10.1590/50100-29452009000100031

OLIVEIRA, F.N.; FRANCA, F.D.; TORRES, S.B.; NOGUEIRA, N.W.; FREITAS, R.M.O. Temperaturas e substratos na germinagao de sementes
de pereiro-vermelho (Simiragardneriana M.R. Barbosa & Peixoto). Revista Ciéncia Agronémica, v.47, n.4. p.658-666, 2016. doi.
org/10.5935/1806-6690.20160079

Journal of Seed Science, v.45, e202345027, 2023


http://doi.org/10.1590/2317-1545v42221062
http://doi.org/10.1590/2317-1545v42221062
http://doi.10.34117/bjdv6n6-600
http://doi.org/10.5216/pat.v40i1.4010
http://doi.org/10.15258/sst.2018.46.1.0
http://doi.org/10.33448/rsd-v10i13.20931
http://doi.org/10.33448/rsd-v10i13.20931
https://www.conhecer.org.br/enciclop/2014a/AGRARIAS/Eficiencia%20do%20controle.pdf
https://www.conhecer.org.br/enciclop/2014a/AGRARIAS/Eficiencia%20do%20controle.pdf
https://www.gov.br/agricultura/ptbr/assuntos/insumosagropecuarios/insumosagricolas/sementes-e-mudas/publicacoes-sementes-e-mudas/copy_of_INN45de17desetembrode2013.pd
https://www.gov.br/agricultura/ptbr/assuntos/insumosagropecuarios/insumosagricolas/sementes-e-mudas/publicacoes-sementes-e-mudas/copy_of_INN45de17desetembrode2013.pd
https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf/view
http://www.agricultura.gov.br/arq_editor/file/2946 regras_analise_sementes.pdf 
http://doi.org/10.1590/S0101-31222009000100019
http://doi.org/10.1590/S0101-31222009000100019
http://doi.org/10.1590/2317-1545v42236236
http://doi.org/10.1590/S141370542014000200001
http://doi.org/10.1590/1983-40632015v4535337
https://www.scielo.br/j/aib/a/ZkJtTYJnqBGQrp7zrTCcNdB/?format=pdf&lang=pt 
https://www.scielo.br/j/aib/a/ZkJtTYJnqBGQrp7zrTCcNdB/?format=pdf&lang=pt 
https://www.scielo.br/j/cflo/a/gBDnFqsnXVk7yGhwMPYjQTQ/?format=pdf&lang=pt
https://www.scielo.br/j/cflo/a/gBDnFqsnXVk7yGhwMPYjQTQ/?format=pdf&lang=pt
http://www.doi.org/10.1590/S0100-29452009000100031
http://doi.org/10.5935/1806-6690.20160079
http://doi.org/10.5935/1806-6690.20160079

10 N.H.S. Cossa et al.

PEREIRA, L.C.; MATERA,T.C.; BRACCINI, A.L.; PEREIRA, R.C.; MARTILI, D.C.V.; SUZUKAWA, A K.; PIANA, S.C.; FERRI, G.C.; CORREIA, L.V.
Addition of biostimulant to the industrial treatment of soybean seeds: physiological quality and yield after storage. Journal of Seed
Science, v.40, n.4, p.442-449, 2018. doi.org/10.1590/2317-1545v40n4199338

ROCHA, D.K.; CARVALHO, E.R.; PIRES, R.M.O.; SANTOS, H.O.; PENIDO, A.C.; ANDRADE, D.B. Does the substrate affect the germination
of soybean seeds treated with phytosanitary products? Ciéncia e Agrotecnologia, v.44, e020119, 2020. doi.org/10.1590/1413-
7054202044020119

SANTOS, P.L.F.; CASTILHO, R.M.M. Germination and development of ornamental sunflower seedlings in substrates. Ornamental
Horticulture, v.24, n.4, p.303-310, 2018. https://ornamentalhorticulture.com.br/rbho/article/view/1152/1330

SARMENTO, H.G.; DAVID, A.M.S.S.; BARBOSA, M.G.; NOBRE, D.A.C.; AMARO, H.T.R. Determinagdo do teor de dgua em sementes de
milho, feijdo e pinhd-manso por métodos alternativos. Revista Energia na Agricultura, v.30, n.3, p.249-256, 2015. https://revistas.
fca.unesp.br/index.php/energia/article/view/1005/pdf_44

SILVA, R.F.; MARCO, R.; ALMEIDA, H.S.; GROLLI, A.L. Proporg¢des de vermicomposto e vermiculita na producgdo de mudas de timbadva
e angico-vermelho, Holos, v.8, n.33, p.32-41, 2017. doi.org/10.15628/holos.2017.4607

SCHUAB, S.R.P.; BRACCINI, A.L.; FRANGCA-NETO, J.B.; SCAPIM, C.A.; MESCHEDE, D.K. Potencial fisioldgico de sementes de soja e sua
relagdo com a emergéncia das plantulas em campo. Acta Scientiarum: Agronomy, v.28, n.4, p.553-561, 2006. https://periodicos.
uem.br/ojs/index.php/ActaSciAgron/article/view/928/928

TUNES, CT.; MENEGHELLO, G.E.; GONSALVES, V.P.; MENEGUZZO, M.R.R.; SILVA, J.B.; TEXEIRA, S.B.; ZIMMER, G; MASS, DW.
Alternative substrates for the germination test with treated soybean seeds. Brazilian Journal on Development, v.7, n.9, p.93210-
93224, 2021. doi.org/10.34117/bjdv7n9-470

TUNES, LV.M.; ALMEIDA, A.S.; CAMARGO, T.0.; SUNE, A.S.; RODRIGUES, D.B.; MARTINS, A.B.N.; CALAZANS, A.F.S.; SILVA, A.F.
Metodologia alternativa para o teste de germinagao em sementes de soja tratada. Brazilian Journal of Development, v.6,n.6, p.41223-
41240, 2020. doi.org/10.34117/bjdv6n6-602

XAVIER, F.M.; MENEGUZZO, M. R. R.; TUNES, C.C.; TEIXEIRA, S. B.; MARTINS, A.B.N.; HARTWING, |.; NEUMANN, A.M.; MENEGHELLO,
G.E. Adequacdo do teste de germinagdo para sementes de arroz tratadas com diferentes fungicidas e inseticidas. Brazilian Journal
on Development, v.7,n.2, p.19193 — 19212. 2021. doi.10.34117/bjdv7n2-526

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Seed Science, v.45, e202345027, 2023


http://doi.org/10.1590/2317-1545v40n4199338
http://doi.org/10.1590/1413-7054202044020119
http://doi.org/10.1590/1413-7054202044020119
https://revistas.fca.unesp.br/index.php/energia/article/view/1005/pdf_44
https://revistas.fca.unesp.br/index.php/energia/article/view/1005/pdf_44
http://doi.org/10.15628/holos.2017.4607
https://periodicos.uem.br/ojs/index.php/ActaSciAgron/article/view/928/928
https://periodicos.uem.br/ojs/index.php/ActaSciAgron/article/view/928/928
http://doi.org/10.34117/bjdv7n9-470
http://doi.org/10.34117/bjdv6n6-602
http://doi.10.34117/bjdv7n2-526

	_GoBack

