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ABSTRACT - Soybean (Glycine max L. Merrill) is infected by a large number of fungal pathogens, among them white mold
agent [Sclerotinia sclerotiorum (Lib) de Bary]. The objective of this study was to verify the effect of the seed-processing stages
on the physical and physiological qualities and on the incidence of S. sclerotiorum in soybean seeds. In this study, seeds from
eight cultivars coming from production fields naturally infested in the counties of the State of Goias, Brazil, from two harvests
(2009/2010 and 2010/2011), were used. Samples were collected in the processing stages: hopper, pre-cleaning, discard one
(from pre-cleaning), cleaning, sieve classifiers, spiral, gravity table, and discard two (after cleaning until processing ending).
The following parameters were evaluated: seed- moisture content, physical purity, germination and tetrazolium. Additional
tests and the detection of S. sclerotiorum in paper roll and the neon method were performed. The processing of soybean seeds
improves the physical and physiological quality of the seed lots, in addition to eliminating sclerotia. The stages of pre-cleaning
and cleaning significantly reduce sclerotia in seed lot. The amount of sclerotia in the sample is not necessarily correlated with

the incidence of S. sclerotiorum in mycelial form.

Index terms: white mold, physical purity, germination, seed health tests, neon method.

Incidéncia de Sclerotinia sclerotiorum ¢ qualidade fisica e fisiologica
em funcdo das etapas do beneficiamento de sementes de soja

RESUMO - A soja (Glycine max L. Merrill) é infectada por grande nimero de patdgenos, entre eles o agente causal do mofo-
branco [Sclerotinia sclerotiorum (Lib) de Bary]. O objetivo deste trabalho foi verificar o efeito das etapas de beneficiamento
nas qualidades fisica e fisiologica e na incidéncia de S. sclerotiorum em sementes de soja. Trabalhou-se com sementes de oito
cultivares provenientes de campos de producao naturalmente infestados em municipios do Estado de Goias, de duas safras. Foram
coletadas amostras nas etapas do beneficiamento: moega, pré-limpeza, descarte um (da pré-limpeza), limpeza, classificadores de
peneira, espiral, mesa de gravidade e descarte dois (apds a limpeza até o final do beneficiamento). Realizaram-se anélises de grau
de umidade, pureza fisica, germinacao e tetrazolio, além dos testes para a detec¢o de S. sclerotiorum em rolo de papel e método
neon. O beneficiamento de sementes de soja aprimora as qualidades fisica e fisiologica do lote, além de eliminar os esclerddios.
As etapas de pré-limpeza e limpeza reduzem significativamente os esclerédios das sementes. A quantidade de esclerddios na

amostra ndo esta necessariamente correlacionada com a incidéncia de S. sclerotiorum na forma micelial.

Termos para indexag@o: mofo-branco, pureza fisica, germinagao, teste de sanidade, método neon.
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Introduction

Soybean (Glycine max L. Merrill) is currently one of the most
important crops in the world. In Brazil, 40% of the total grain
producing area was grown with this legume during the 2011/2012
crop season. The main producers were the states of Mato Grosso,
Parana, Rio Grande do Sul and Goias (CONAB, 2012). One of
the main problems of the crop has been white mold, which
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is caused by Sclerotinia sclerotiorum (Lib) de Bary. This
disease is causing significant losses because besides for
attacking more than 400 species, the pathogen may survive
in soil for many years in the absence of hosts, by means of
sclerotia (Bolton et al., 2006), which may be disseminated in
several ways, including mixed to seeds (Tu, 1998). Besides
the sanitary aspect, after harvest, the seeds may be mixed with
impurities and other undesirable materials.
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Because of this, seed processing may be a useful tool
for the control of S. sclerotiorum, reducing or eliminating
the contaminated/infected seeds and the sclerotia associated
with them. It may still improve the physical and physiological
quality of the lot by separating the seeds from impurities.

A relationship between the physical properties of seeds
and their viability and vigor makes the stages of separation and
classification even more important in view of the fact that larger
seeds may have superior germination and vigor than the smaller
ones, as verified in soybean (Padua et al., 2010) and fodder
radish (Nery et al., 2009). The physiological quality may also be
improved by the removal of lower density seeds, normally badly
formed, broken, attacked by insects or pathogens or deteriorated
(Fessel et al., 2003). Thus, it is important to use gravity table
and air-screen machines in order to improve the physical,
physiological, and sanitary conditions of the seed lots,
as observed by Fessel et al. (2003) in corn, by Giomo et
al. (2004) in arabica coffee and by Gadotti et al. (2006) in
borecole broccolis.

The objective of this work was to analyze the effect of the
processing stages in the physical and physiological qualities
of the seed and in Sclerotinia sclerotiorum incidence in seeds
of eight soybean cultivars.

Material and Methods

In this study, the soybean seeds that were used were
produced in fields naturally infested by S. sclerotiorum, situated
in Vianopolis, Silvania, Luziania and Orizona, State of Goias,
Brazil, from two crops seasons: 2009/2010 with five cultivars
(NA 7255 RR, A 7002, NS 7476, AN 8500 and BRS Valiosa
RR); and 2010/2011 with six cultivars (NA 7255 RR, NA 7337
RR,NA 7620 RR,NA 8015 RR, AN 8500 and BRS Valiosa RR).

In each flow stage in the Seed Processing Plant (SPP) a
sample was collected (approximately 1.5 kg) of seeds (14 samples
total), as follows: 1- in hopper (reception); 2- after pre-cleaning;
3- in discard one (from pre-cleaning); 4- after cleaning; 5 to 7-
after sieve classifiers (three sizes of sieves); 8 to 10 - after spiral
(three sizes of sieves); 11 to 13- after gravity table (three sizes of
sieves); and 14- in discard two (from stages after cleaning until
seed processing ending). However, in the 2009/2010 crop season,
seeds from cultivars NS 7476 and AN 8500 passed by only two
sieve classifications and, in consequence, two classifications in
spiral and two in gravity table.

The samples were homogenized, divided, and used as
a working sample between 500 g to 515 g. The following
performed (Brasil, 2009b):
content, physical purity (count and weighing of sclerotia),

analyses were moisture

germination and tetrazolium tests. For the detection of S.

sclerotiorum, two methods were used (Brasil, 2009a): 1-
paper roll (four replications of 50 seeds) and 2- Neon or agar-
bromophenol medium (eight replications of 25 seeds), with
some modification, using 75 mg.L"! of bromophenol blue and
50 mg.L! of chloramphenicol (Napoledo et al., 2006a). The
bromophenol blue and the antibiotics were incorporated to
the molten PDA medium (50 °C) after autoclaving. The Petri
dishes were incubated in the dark at 18 °C for 7-12 days with
readings performed from day three.

The study of relations between the processing stages
and the analyzed parameters was conducted by examining
the correlation of those variables with the ordination axes
generated by the multivariate analysis technique PCA
(Principal Component Analysis). The PCA was performed
from a mathematical matrix, correlating stages of processing
(14) versus analyzed variables (8), by the statistical program
PAST (Hammer et al., 2001). The variables included in the
matrix were: moisture content, physical purity, sclerotia mass,
germination, viability, vigor, sclerotia incidence by the sanitary
analysis of paper roll and neon. The following procedures
were recommended by Ter Braak (1986) and Palmer (1993),
before the analysis was made the standardization of those
variable values to mean zero and variance equal to unity, to
remove disparities in the units of measurement of the different
variables, so that all the variables had the same weight in the
analysis (Hammer et al., 2001). Analyses of PCA were made
for each cultivar in separate, generating ordination diagrams.

Results and Discussion

Physical quality

From reception in SPP until the evaluation moment,
the moisture of seeds reduced from 13.4% to 8.2% in the
2009/2010 crop season, and from 13.0% to 10.0% in the
2010/2011 crop season.

In both crop seasons, the physical purity varied from
17.23% to 100% with lower values in the samples from
discarded one. Right after cleaning, it already had values
over 99%; exception to cultivar AN 8500 (crop season
2009/2010), with 97.85% in sample 4 (Table 1). According
to Brazilian law, the minimum standard of physical purity
for the commercialization of soybean seeds of certified (C1
and C2), S1 and S2 categories is 99% (Brasil, 2005). It was
noticed that, through seed processing, from the stages of
pre-cleaning and cleaning (samples 2 and 4), it was possible
to reach the minimum required standard, reaching 100% of
physical purity in the final stage (after gravity table).

Air-screen machines (ASM), which were used in the pre-
cleaning and cleaning stages, improved the physical quality
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of the lots. Later, the association of classification equipment in
sieves, spiral separator, and gravity table has standardized the
seeds based on their physical characteristics. Nery et al. (2009)

concluded that the association of ASM with gravity table
is efficient for separating the fodder radish seed lots into
fractions with different physical qualities.

Table 1. Physical purity (P.P.) and sclerotia mass (Scl.) in soybean (Glycine max) seeds, crops seasons 2009/2010 and 2010/2011,

as a function of seed processing.

Crop season 2009/2010

Samole! NA 7255 RR A 7002 NS 7476 AN 8500 BRS Valiosa RR
ampie PP.(%) Scl(z) PP.(%) Scl(z) PP.(%) Scl(z PP.(%) Scl.(z PP.(%)  Scl(g
1 96.89  0.0111 96.83 02851 9813 03186 9796  0.0576 96.28 0.0970
2 99.82  0.0000 99.65  0.0513 9941  0.0000  99.64  0.0000 99.32 0.0000
3 2391 1.0794 9029 0.7899 3462 19444 75.00 1.1909 24.85 0.2235
4 99.91  0.0000 99.61  0.0000 99.94  0.0000  97.85 0.0000 99.92 0.0000
5 99.94  0.0000 99.85  0.0000 99.96  0.0000  99.62  0.0000 99.96 0.0000
6 99.89  0.0000 99.83  0.0000 99.96  0.0000  99.43 0.0250 99.91 0.0000
7 9972 0.0000 9972 0.0000 - - ; 99.87 0.0000
8 100.00  0.0000 99.96  0.0000 99.97  0.0000  99.80  0.0000 99.96 0.0000
9 99.93  0.0000 99.95  0.0000 9998  0.0000  99.91 0.0000 100.00 0.0000
10 99.78  0.0000 99.75  0.0000 - - ; 99.99 0.0000
1 100.00  0.0000  100.00  0.0000  100.00  0.0000  99.97  0.0000 100.00 0.0000
12 100.00  0.0000 99.99  0.0000 10000  0.0000  99.98 0.0000 100.00 0.0000
13 100.00  0.0000  100.00  0.0000 - - ; 99.99 0.0000
14 9891  0.2032 97.82  0.1515 9924 0.0000 9379  0.0000 96.38 0.1450
Average® 99.65  0.0009 99.59  0.0280 9970 0.0354  99.35 0.0092 99.60 0.0081
Crop season 2010/2011
Samppe! _ NAT255RR NA 7337 RR NA 7620 RR NA 8015 RR AN 8500 BRS Valiosa RR
AP PP (%) Scl(z) PP.(%) Scl(z) PP.(%) Scl(z) PP.(%) SclL(z) PP.(%) Scl(z) PP.(%) Scl. (g
1 9899 0.0293 9852 00454 9740 51687 9797 05812 9667 12277 9822  0.0382
2 9929  0.0000  99.86 0.0000  99.43  0.0000  99.52 0.0000 99.37  0.0565 9937  0.0000
3 2093 05851  17.23 02468  17.60 27.8000 2457 10.0099  50.09 12.3936  23.03  1.0560
4 99.60 0.0000  99.62 0.0000  99.80  0.0000  99.74 0.0000  99.71  0.0000  99.96  0.0000
5 99.89  0.0000  99.32  0.0000 9897 0.0000 9972  0.0000  99.94  0.0000  99.97  0.0000
6 99.82  0.0000  99.88 0.0000  99.80  0.0000  99.85 0.0000  99.80  0.0000  99.96  0.0000
7 99.68 0.0000  99.82  0.0000  99.84  0.0000  99.85 0.0000  99.13  0.0000  99.98  0.0000
8 99.91  0.0000  99.94 0.0000  99.95 0.0000  99.83 0.0000 99.99  0.0000 100.00  0.0000
9 99.95 0.0000  99.98 0.0000 100.00 0.0000  99.96 0.0000  99.93  0.0000 100.00  0.0000
10 99.90  0.0000  99.96 0.0000  99.94 0.0000 9991  0.0000 99.91  0.0000 100.00  0.0000
1 100.00  0.0000  99.97 0.0000 99.88 0.0000  99.96 0.0000  99.98  0.000 100.00  0.0000
12 99.99  0.0000 100.00 0.0000 100.00  0.0000  100.00  0.0000  99.87  0.0000  100.00  0.0000
13 100.00  0.0000 100.00 0.0000 100.00  0.0000  99.99  0.0000  99.90  0.0000  100.00  0.0000
14 9198 01596 9729 0.0000 9660 0.0460 9720 0.0000 97.54  0.1557 9895  0.0000
Average® 9975 0.0024 9974 0.0038  99.58 04307  99.69 0.0484 9951  0.1070  99.79  0.0032

'"1-hopper; 2-after pre-cleaning; 3-discard one; 4-after cleaning; 5 to 7-after sieve classifiers; 8 to 10-after spiral separator; 11 to 13-after gravity table; 14-

discard two; 2not considering the samples from discard (3 and 14).

The presence of sclerotia was observed during the first stage
of seed processing (hopper) and in samples from the discard
one stage in all cultivars, and in discard two for 54.4% of them,
in both crop seasons. The higher amount of sclerotia in discard
one demonstrates the importance of pre-cleaning. It was found
between two to 201 sclerotia (0.1110 g to 1.9444 g), and between
one to more than 3,000 sclerotia (0.0293 g to 27.800 g) by sample,
in the 2009/2010 and 2010/2011 crop seasons, respectively. After
pre-cleaning, associated to cleaning, no sclerotia were found, with

the exception of sample six from cultivar AN 8500 (Table 1).
This work showed that sclerotia were totally removed
during seed processing (Table 1), demonstrating that this
process is a useful tool to control S. sclerotiorum and, in
consequence, to reduce the amount of inoculum that might
be introduced in new planting areas. Napoledo et al. (2006b),
working with two cultivars of bean seeds, found 389 sclerotia in
residues from cultivar Diamante Negro and 91 in bean cultivar
Pérola. According to the author, this greater amount of sclerotia
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in Diamante Negro, because this is an erect bearing variety whose
pods rarely touch the ground and it does not differ from plants,
and the sclerotia are taken together with the pods for processing.

If white mold in soybean is considered a predominantly
monocyclic disease, that is, only the initial inoculum is responsible
for the amount of disease (Vanderplank, 1963), proper seed
processing may represent an important step to reduce this inoculum
and, in consequence, the disease incidence in the field.

Physiological quality

Considering the seed processing stages, except discards
(samples 3 and 14), during the 2009/2010 crop season,
the seeds had lower germination, viability and vigor than
during the 2010/2011 crop season (Table 2). However, the
average values of germination are acceptable, according to
Brazilian seed law (2003), where the minimum standard
for the commercialization of soybeans from the certified,
S1, and S2 categories is 80% (Brasil, 2005). Overall,
among the processing stages and among the cultivars, the
germination percentages were lower than the viability
ones according to the tetrazolium test, probably due to the
presence of fungi, such as Phomopsis spp. and Fusarium
semitectum. According to Franca-Neto et al. (1998)
differences are acceptable to 5% between the viability test
by the tetrazolium and germination test.

An opposite behavior was observed in cultivars A
7002 and BRS Valiosa RR (crop season 2009/2010), the
germination percentages were higher than those of viability by
the tetrazolium test. In both cultivars there was an increase of
the vigor percentage with processing, which was not observed
in other cultivars, in both crop seasons (Table 2).

The physical properties may be related to the viability and
vigor of seeds, as verified by Padua et al. (2010) in soybean
seeds, and by Perin et al. (2002) in bean seeds, reported that
small seeds reduced the stand of cultivar Carioca. Differently,
Costa et al. (2004) concluded that the physiological quality is
not affected by the size of soybean seeds. In this work, larger
seeds had germination and vigor superior to smaller ones and
in some cultivars and after some processing stages: AN 8500
(spiral separator and gravity table) and NS 7476 (gravity
table) during the crop season 2009/2010; NA 7255 RR and
NA 7337 RR (gravity table), NA 7620 RR, AN 8500 and BRS
Valiosa RR (gravity table only for variable vigor) in the crop
season 2010/2011 (Table 2). For most of the cultivars, seeds
with higher density had more vigor after the gravity table stage.

Giomo et al. (2004) related that it is important to remove
less dense seeds from the lot, because their small amount of
reserve substances may lead to a slow growth of seedlings. The
exclusive use of ASM did not improve the lot of seeds quality, but

associated to gravity table, there was efficiency in the separation
and distribution of superior quality portions in Vigna unguiculata
(Mertz et al., 2007) and in coffee (Giomo et al., 2008).

The results of the tetrazolium test (level 1-8), notes that
the damage caused to the seeds were higher in the 2009/2010
crop season (average of 22.3%) compared to 2010/2011
(average of 17.2%), especially those damaged by stinkbugs
in both crop seasons, being, on average, 22.0%, followed by
mechanical (20.2%) and by moisture (17.1%). Among the
cultivars, the values of damage varied from 10.0% to 32.0%
(mechanical), from 9.8% to 37.0% (stinkbugs) and from 3.5%
to 32.0% (by moisture).

Sclerotinia sclerotiorum incidence

The incidence of S. sclerotiorum in seeds was not
detected in cultivars A 7002 and BRS Valiosa RR (crop
season 2009/2010) by any of the methods. There was
also a difference between the method results with regard
to the evaluation of fungus incidence. In the 2009/2010
crop season, for the same cultivar, a greater incidence of
fungus was found by neon; the opposite happened during
the 2010/2011 crop season, when the larger incidence
was obtained by paper roll, with the exception of cultivar
NA 7255 RR. In additon, there were situations where the
incidence was detected only by paper roll (NA 7337 RR, NA
8015 RR and BRS Valiosa RR — crop season 2010/2011) and
by neon only (AN 8500 — crop season 2009/2010) (Table 3).

The neon method is quicker, but the execution is more
laborious and costly. The paper roll has a longer incubation
period, but a lower cost and simpler execution. However,
it may also overestimate the fungus incidence because of
cross contamination among seeds. The higher incidences of
fungus were obtained in samples from discard (3 and 14),
followed by the one from hopper (sample 1). Regardless of
the processing stage, the cultivars had different percentages of
infection among themselves, varying from 0.0% to 9.0% (crop
season 2009/2010) and from 0.0% to 25.0% - samples from
discard (crop season 2010/2011), by the paper roll method;
as for neon, this percentage varied from 0.0% to 5.5% and
from 0.0% to 5.0%, respectively (Table 3). This difference
between cultivars may be due to factors related to the different
production fields, chemical control, if used, as well as the
efficiency of the fungicides applied, field localization and
planting density (stand).

Incidence of S. sclerotiorum was observed in samples 11,
12 and 13 of some cultivars (Table 3). According to Tu (1998),
the mycelium may keep its viability by more than three years.
Many contaminated seeds may not germinate, but may still
produce mycelium and sclerotia. Therefore, it is important
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not only for sclerotia quantification by purity analysis, whose

standard of tolerance is zero, but also for the sensitivity of

the seed health test to detect the presence of the pathogen as

dormant mycelium in the seeds.

Table 2. Germination percentage (G.), viability (Vb.) and vigor (Vg.) of soybean (Glycine max), crops seasons 2009/2010 and
2010/2011, on seed-processing stages.

Crop season 2009/2010

Sample NA 7255 RR A 7002 NS 7476 AN 8500 BRS Valiosa RR
G. Vb. Vg G Vb. Vg G Vb. Vg G Vb. Vg G Vb Vg.

1 820 840 740 800 800 720 735 790 730 775 840 740 830 800  60.0
2 840 840 800 8.0 850 740 760 800 750 805 89.0 830 830 780  63.0
3 400 520 360 710 810 630 360 400 350 310 61.0 490 205 220 100
4 740 770 640 855 850 740 750 820 650 705 740 650 830 730  60.0
5 790 800 640 89.0 840 700 710 790 670 710 820 740 8.0 780  61.0
6 790 800 600 880 850 70.0 77.0 810 640 775 850 700 795 720  59.0
7 745 800 600 870 870 750 - - - - - - 835 810 600
8 795 770 600 855 850 700 755 840 69.0 725 850 740 790 750  69.0
9 795 810 600 91.0 840 700 770 820 650 785 89.0 800 855 850  62.0
10 815 810 610 8.0 830 780 - . . . - - 850 860  66.0
11 750 800 610 870 850 730 765 830 61.0 775 820 700 865 810  69.0
12 795 830 640 870 900 780 765 870 660 825 870 780 875 790  68.0
13 735 790 610 85 900 770 - - - - - - 855 800 700
14 480 600 430 680 660 440 495 420 390 575 800 57.0 725 510  33.0

Average’ 784 805 64.1 861 853 734 753 819 672 764 841 742 836 790 639

Overall * . 800 Viab. 822 Vigor  68.6 . -

average

Crop season 2010/2011
Sample NA 7255 RR NA 7337 RR NA 7620 RR NA 8015 RR AN 8500 BRS Valiosa RR
G. Vb. V&z¢ G Vb. V& G Vb Vg. G. Vb, Vg. G. Vb, Vg. G. Vb Vg

1 825 920 820 860 99.0 90.0 80.0 950 89.0 87.5 850 72.0 87.0 87.0 84.0 845 83.0 75.0
2 87.5 88.0 860 835 980 940 795 87.0 830 840 90.0 760 87.5 89.0 81.0 81.0 840 710
3 33.0 400 300 365 490 39.0 200 360 23.0 325 340 150 650 67.0 53.0 280 37.0 20.0
4 86.0 940 87.0 815 920 80.0 850 93.0 850 840 940 83.0 840 960 860 845 89.0 77.0
5 850 90.0 840 860 860 740 845 930 860 865 93.0 830 860 93.0 850 90.0 97.0 84.0
6 835 89.0 820 805 90.0 81.0 88.0 91.0 87.0 87.5 88.0 77.0 83.5 97.0 850 87.5 89.0 75.0
7 870 89.0 830 890 940 81.0 89.5 93.0 87.0 81.0 89.0 760 84.5 93.0 87.0 855 940 78.0
8 845 88.0 81.0 835 90.0 77.0 80.0 93.0 750 84.0 860 80.0 855 92.0 82.0 885 90.0 73.0
9 820 89.0 830 865 930 84.0 870 900 87.0 82.5 90.0 80.0 81.0 91.0 81.0 855 920 78.0
10 89.0 89.0 780 805 99.0 89.0 850 880 80.0 86.0 89.0 81.0 82.0 91.0 840 880 880 75.0
11 88.5 88.0 80.0 810 870 79.0 820 83.0 70.0 86.0 81.0 72.0 840 90.0 80.0 850 89.0 74.0
12 88.0 88.0 830 825 940 80.0 90.0 90.0 850 89.5 960 81.0 83.0 92.0 840 885 91.0 78.0
13 90.0 900 89.0 895 960 81.0 87.5 90.0 87.0 835 93.0 725 81.0 90.0 87.0 855 89.0 80.0
14 66.5 700 660 675 660 460 81.0 90.0 80.0 70.5 72.0 49.0 755 88.0 78.0 77.5 82.0 62.0

Average>  86.1 895 832 842 932 825 848 905 834 852 895 778 841 918 838 862 89.6 76.5

Overall = 5 m. 85.1 Viab. 90.7 Vigor 81.2 - - -

average

'"1-hopper; 2-after pre-cleaning; 3-discard one; 4-after cleaning; 5 to 7-after sieve classifiers; 8 to 10-after spiral; 11 to 13-after gravity table; 14- discard two;
not considering the samples from discard (3 and 14); 3considering samples from all cultivars, except samples from discard (3 and 14).
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Table 3. Incidence (%) of Sclerotinia sclerotiorum, detected by seed health tests in the paper roll (PR) and neon method (Neon),
in soybean (Glycine max) seeds, crop seasons 2009/2010 and 2010/2011, on the seed-processing stages.

Crop season 2009/2010

S ! NA 7255 RR A 7002 NS 7476 AN 8500 BRS Valiosa RR
ample PR Neon PR Neon PR Neon PR Neon PR Neon
1 0.5 1.5 0.0 0.0 0.5 0.5 0.0 1.0 0.0 0.0
2 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 3.0 3.0 0.0 0.0 1.0 3.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 - - - - 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 0.0 1.5 0.0 1.5 0.0 0.0
10 0.0 0.0 0.0 0.0 - - - - 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 1.5 0.0 1.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 2.5 0.0 1.5 0.0 0.0
13 0.0 0.0 0.0 0.0 - - - - 0.0 0.0
14 9.0 0.0 0.0 0.0 0.0 5.5 0.0 0.0 0.0 0.0
Overage2 0.08 0.13 0.0 0.0 0.11 1.00 0.00 0.44 0.0 0.0
Crop season 2010/2011
S ! NA 7255 RR NA 7337 RR NA 7620 RR NA 8015 RR AN 8500 BRS Valiosa RR
ample PR Neon PR Neon PR Neon PR Neon PR Neon PR Neon
1 1.0 0.0 0.5 0.0 10.5 0.0 3.5 0.0 1.0 0.0 2.0 0.0
2 0.0 5.0 3.0 0.0 0.0 1.5 1.0 0.0 0.5 0.0 2.5 0.0
3 2.5 3.0 9.0 0.0 2.5 4.0 7.5 0.0 14.0 0.0 4.0 0.0
4 0.0 0.0 0.5 0.0 0.0 1.0 0.5 0.0 1.0 0.0 0.5 0.0
5 0.0 0.0 1.5 0.0 8.5 1.0 3.0 0.0 1.0 0.0 1.5 0.0
6 1.0 1.0 0.5 0.0 0.0 1.5 0.5 0.0 0.0 0.0 1.0 0.0
7 0.0 2.5 1.5 0.0 0.0 0.0 0.5 0.0 1.5 0.5 2.0 0.0
8 0.0 0.0 1.5 0.0 0.0 2.0 1.5 0.0 0.0 0.0 4.5 0.0
9 0.0 0.0 2.0 0.0 0.0 1.5 0.5 0.0 0.5 0.0 2.0 0.0
10 0.0 0.0 0.5 0.0 0.0 0.0 2.5 0.0 0.0 0.0 1.0 0.0
11 0.0 0.0 0.5 0.0 0.0 1.0 1.0 0.0 0.5 0.0 4.5 0.0
12 0.5 0.0 0.5 0.0 0.0 0.0 1.0 0.0 0.5 2.0 0.0 0.0
13 0.5 0.0 0.5 0.0 0.0 0.0 1.0 0.0 0.5 0.0 1.5 0.0
14 0.0 0.0 25.0 0.0 18.5 3.0 0.0 0.0 0.0 0.0 0.5 0.0
Overage2 0.25 0.71 1.08 0.00 1.58 0.79 1.38 0.00 0.58 0.21 1.92 0.00

'1-hopper; 2-after pre-cleaning; 3-discard one; 4-after cleaning; 5 to 7-after sieve classifiers; 8 to 10-after spiral separator; 11 to 13-after gravity table; 14-

discard two; >not considering the samples from discard (3 and 14).

Principal Components Analysis (PCA)

In relation to variable behavior as a function of
processing stages, the discard samples (3 and 14) had lower
values of physical purity, germination, viability and vigor,
and larger masses of sclerotia. The physical purity increased
from stage 1 to 2, remaining practically constant from the
cleaning stage (4) until the end of processing. The values of
germination, viability and vigor increased, with small changes
during the processing line (Tables 1 and 2).

In both crop seasons, the percentage of variance
accumulated in the first two PC was superior to 80%. According
to PCA cultivars, the pre-cleaning procedure was efficient in

the removal of sclerotia, together with the other processing
stages. In addition, after the classification stages, the samples
made a homogeneous group with a high correlation with the
physical and physiological quality of seeds (Figures 1 and 2).

In the 2009/2010 crop season, for cultivar NA 7255
RR, the paper roll method was more efficient to detect
the fungus in seeds in the discard stage sample (14). For
cultivar NS 7476, it was in sample 3 that a greater incidence
of fungus was detected by paper roll. In sample 14, that had
no sclerotia, was detected a greater incidence of fungus by
the neon method, compared with others; however, this was
not detected by paper roll. In cultivar AN 8500, the samples
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9, 11 and 12 correlated with the neon method due to the
fact that fungus incidence was detected in those samples
by this method. In the same way as in cultivar A 7002, in
BRS Valiosa RR the fungus was not detected by those seed
heath tests and, therefore, they were not included in the PCA

[\l
+—
=1
o] .
g 3 5
2 ;
£ g
o 2rEn Vb
U — . ;{711-91‘0 .
8 7 6 5 4 3 2 Sy
D8 A
/ PP
-1,
pr
2.4
A
-3.2
14 4
Component 1
N
=
=i
g PR, :
5} 3 sel N 12f1 Vg
2 gl W
g Mo U6 g
s 6 5 4 3 2 -1, lil-‘;6
-0
A2 PP
N -L8
2.4
C
14 -3
36
Component 1
Mo
16
N 1
2 12
Q i
g 08 B!
2, 5 \b
0. e,
§ Sel__ 4 “f;"}gg
-8 7 6 5 4 3 2 1 T
3 -0.4
0.8
E 12 ]
6
1.6

Component 1

analysis (Figure 1). In crop season 2010/2011, sample 3
correlated more with paper roll (NA 8015 RR, BRS Valiosa
RR and AN 8500), while in cultivars NA 7337 RR and NA
7620 RR, it was sample 14 that correlated more with this
method (Figure 2).
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Scl: sclerotia
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1: hopper 8: spiral

2: pre-cleaning 9: spiral

3: discard 1 10: spiral

4: cleaning 11: gravity table
5: sieve classifier 12: gravity table
6: sieve classifier 13: gravity table
7: sieve classifier 14: discard 2

Figure 1. Ordination diagram by Principal Components Analysis (PCA) with stages of processing of soybean seeds from
cultivars NA 7255 RR (A), A 7002 (B), NS 7476 (C), AN 8500 (D) and BRS Valiosa RR (E), crop season 2009/2010,
and variables of physical and physiological qualities and Sclerotinia sclerotiorum incidence.

With these analyses, for the two crop seasons, it was
observed that most of the processing stages, for each cultivar,
had a high correlation with those variables (Figures 1 and 2).
The values of physical purity, germination, viability and vigor
correlated positively between themselves and negatively with
sclerotia mass, that is, the larger the sclerotia mass combined
with seeds, the lower the values of those variables were.

Furthermore, a larger sclerotia mass does not necessarily
correspond to a larger incidence of white mold in seeds
because in some cultivars (A 7002, AN 8500 and BRS Valiosa
RR), even having sclerotia in seed samples, there was no
detection of fungus by the two methods.

In seeds of a single sample, although different results
were found by both methods, these had a sensitivity to S.
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sclerotiorum detection and, consequently, the applicability in
routine analysis.

The sample 3 correlated with the sclerotia mass in all
cultivars of the 2010/2011 crop season (Figure 2) and in A
7002, NS 7476, AN 8500 and BRS Valiosa RR (Figure 1)
from the 2009/2010 crop season; the same happened with
sample 14 in cultivars A 7002 and BRS Valiosa RR (crop

season 2009/2010) and NA 7255 RR (crop season 2010/2011).
Moreover, there was a negative correlation of S. sclerotiorum
incidence detected by the paper roll method with physical
purity, germination, viability and vigor for four cultivars (NA
7255 RR, NA 7337 RR, NA 8015 RR and AN 8500), and a
positive correlation of those methods with sclerotia mass,
except in cultivar NA 7337 RR.
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Figure 2. Ordination diagram by Principal Components Analysis (PCA) with the stages of processing of soybean seeds from
cultivars NA 7255 RR (A), NA 7337 RR (B), NA 7620 RR (C), NA 8015 RR (D), AN 8500 (E) and BRS Valiosa RR (F),
crop season 2010/2011, and variables of the physical and physiological qualities and Sclerotinia sclerotiorum incidence.

Journal of Seed Science, v.35, n.4, p.409-418, 2013



Seed processing in white mold control 417

It is perceived that the response of each cultivar to post-
harvest handling is distinct, needing to be studied not only
for its effects, but also its causes under different approaches.
This will allow for the identification of the type, intensity and
moment of an action that is able to affect the seed quality,
mainly the sanitary quality.

In 2009/2010, the pathogen was not detected in the
soybean seeds of cultivar BRS Valiosa RR by any of the
sanity methods used; contrary to what was observed in the
2010/2011 crop season, when it was detected by paper roll.
The cultivar NA 7255 RR had a larger infection percentage,
considering the two methods used in 2010/2011, and AN 8500
had no infected seeds in 2009/2010 by paper roll, occurring
on the next crop.

Napoledo et al. (2006b) also observed differences working
with bean cultivars in different cropping seasons. The cultivar
Diamante Negro had infected seeds in the first evaluated
year, in the second year this happened only to cultivar Pérola.
The author presumes that seed infection happens randomly.
However, in this work, other factors may also be influencing
fungus detection, since the cultivars are submitted to different
field conditions (uncontrolled conditions) that strongly
influence the seeds infection, mainly climatic conditions.

In fact, it was observed that, on both crops and in
different cultivars, processing may be a useful tool to control
this pathogen, since it can reduce or eliminate the sclerotia
associated with them. With that, the processing may help to
reduce the amount of inoculum that might be introduced in
planting areas.

Conclusions

The processing of soybean seeds improves the lot quality
in terms of physical purity, germination, viability and vigor, in
addition to eliminating the sclerotia of S. sclerotiorum.

The pre-cleaning and cleaning stages, performed by
the air-screen machines, significantly reduce the amount of
sclerotia from soybean seeds.

The amount of sclerotia in the sample is not necessarily
correlated to S. sclerotiorum incidence in mycelial form in
seeds.

Not all of the seeds with seedborne S. sclerotiorum,
incidence in dormant internal mycelial form are discarded
by processing. Seeds with incipient infections may not be
eliminated during seed processing and consequently they
could be taken to the new field.
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