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ABSTRACT

Delayed harvesting may affect the physiological
quality of soybean seeds, due to adverse conditions in the field.
This study aimed to evaluate the physiological and sanitary
quality of soybean seeds (BRS 820 RR® cultivar) harvested
at eight periods (0; 5; 10; 15; 20; 25; 30; and 35 days after
the R, phenological stage - full maturity) and stored for two
periods (0 and 8 months). The following evaluations were
carried out: moisture content, germination and emergence
rate, emergence speed index, total plant dry mass, accelerated
aging, electrical conductivity, mechanical damage, vigor and
viability (tetrazolium) and sanitary quality of the seeds. The
delayed harvesting of soybean seeds from 10 days after R
impairs seed vigor and germination, in addition to increase the
incidence of pathogens. Regardless of the harvesting period,
the soybean seeds stored for eight months showed a reduction
in their physiological quality, with an increase in the incidence
of Phomopsis spp.

RESUMO

Qualidade fisiologica e sanitaria de sementes de soja
colhidas em diferentes épocas e submetidas a armazenamento

O atraso na colheita pode afetar a qualidade fisioldgica de
sementes de soja, devido a ocorréncia de condi¢des adversas no campo.
Objetivou-se avaliar a qualidade fisioldgica e sanitaria de sementes de
soja (cultivar BRS 820 RR®) colhidas em oito épocas (0; 5; 10; 15;
20; 25; 30; e 35 dias apods o estadio fenologico R, - maturagio plena)
e armazenadas por dois periodos (0 e 8 meses). Foram efetuadas
as seguintes avaliagdes: grau de umidade, taxa de germinagdo e
emergéncia, indice de velocidade de emergéncia, fitomassa seca total
da planta, envelhecimento acelerado, condutividade elétrica, dano
mecanico, vigor e viabilidade (tetrazolio) e qualidade sanitaria das
sementes. O retardamento na colheita de sementes de soja a partir
de 10 dias apos R prejudica o vigor e a germinagdo das sementes,
além de aumentar a incidéncia de patdgenos. Independentemente
da época de colheita, o armazenamento das sementes de soja por
oito meses culminou em redugdo na sua qualidade fisioldgica, com
incremento na incidéncia de Phomopsis spp.
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INTRODUCTION

Soybean [Glycine max (L.) Merrill] crops are
prominent in the world agribusiness, and Brazil is
among the largest producers and exporters. To reach
such a high representativeness, it is crucial that the
soybean seed market produce high quality seeds that
guarantee vigorous crops. In the 2016/2017 harvesting,
the Brazilian seed industry traded more than 5 million
tons of soybean seeds (Carvalho et al. 2017).

The quality of soybean seeds is an extremely
important factor for the expansion of soybean crops
in tropical and subtropical regions (Lima et al. 2007).

In the soybean seed production, all stages of the
process are relevant to obtain a high quality material,

PALAVRAS-CHAVE: Glycine max (L.) Merrill; patogenos;
sanidade de sementes.

and harvesting is naturally a crucial one. Soybean
seeds reach their maximum dry mass accumulation
and maximum physiological quality at the R, stage
(beginning maturity) (Fehr et al. 1971), time when
harvesting should be performed. However, because
of the high moisture content of the seeds at that stage,
harvesting is performed at the R, stage, when 95 %
of the pods are mature in color (Diniz et al. 2013a).
In many cases, the ideal harvesting time is
exceeded due to the vast extension of planted areas
and insufficient harvesters, or due to high rainfall
rates during the harvesting process. Therefore, seeds
may remain exposed in the field for longer periods.
Soybean seeds, when stored in the field,
are subject to adverse conditions such as climatic
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variations, insects and pathogens, which may
compromise their physiological quality.

In the period between physiological maturity
and harvesting, soybean seeds may be damaged
because of alternating wet and dry environmental
conditions, which are even more expressive in tropical
regions, where it is predominantly warm and humid
(Castro et al. 2016). In general, delayed harvesting
associated with relative air humidity variation causes
several damages to the seeds, such as cracks and
wrinkles on the seed coat, increasing the deterioration
process, given the facilitated penetration of pathogens
and increased exposure of the embryonic tissue to the
environment (Marcandalli et al. 2011).

In future scenarios, characterized by land-
use intensification, early-cycle cultivars and early
sowing and harvesting, associated with adverse
meteorological events, it can be assumed that
production losses and low quality seeds owing to
delayed harvesting may become more frequent
(Tsukahara et al. 2016).

This study aimed to evaluate the physiological
and sanitary quality of soybean seeds harvested in
eight periods and stored for two periods.

MATERIAL AND METHODS

The experiment was carried out at the Fazenda
Muquém, in Lavras, Minas Gerais state, Brazil
(21°14°S, 45°00°W and altitude of 918 m), in the
2013/2014 season. The tests of physiological and
sanitary quality of the seeds were carried out at a
laboratory of the Universidade Federal de Lavras.

The soil of the experimental area is classified as
Rhodic Hapludox (Latossolo Vermelho Eutroférrico,
under the Brazilian classification), and the physical
and chemical properties (Table 1) were determined
according to Embrapa (2009).

The regional climate is Cwa, according to
the Kdppen classification, with annual average

temperature of 19.3 °C and annual rainfall of
1,530 mm (Dantas et al. 2007). During the growing
season of the soybean crop, data concerning air
temperature, relative humidity and rainfall were
collected from an automatic weather station of the
Brazilian National Institute of Meteorology (Inmet),
and are presented in Figure la, while the climatic
conditions during seed harvesting times are shown
in Figure 1b.

The experiment was arranged in a randomized
block design, in an 8 x 2 factorial scheme, being eight
harvest times [0; 5; 10; 15; 20; 25; 30; and 35 days
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Figure 1. Total monthly rainfall (mm), relative humidity (%) and
average air temperature (°C), in the 2013/2014 cropping
season, during the soybean seed production (a) and at
the seed harvest times (b). Source: Brazilian National
Institute of Meteorology (Inmet).

Table 1. Soil chemical and physical properties (0.0-0.20 m layer) before the beginning of the experiment.

pH Ca? Mg** A" H'+ AP SB CEC P K OM \
H,0 cmol dm mg dm? dag kg™ %
6.4 5.0 1.4 0.0 2.9 6.7 9.6 11.46 118 3.41 70
Zn Mn Cu B Fe S Clay Silt Sand
- - Textural class
mg dm?* dag kg!
4.97 31.7 1.4 0.17 34.81 4.7 64 20 16 Clayey

H + Al: potential acidity; SB: sum of bases; CEC: cation exchange capacity at pH 7.0; OM: organic matter; V: soil base saturation.
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after the stage R, (when 95 % of pods have typical
coloration of mature pods), according to Fehr et al.
(1971)], and two storage times (0 and 8 months), with
four replications.

Soybean [Glycine max L. (Merrill.), BRS 820
RR® cultivar] was sown in November 2013, at a row
spacing of 0.50 m and rate of 14 seeds m'!. Seeds were
treated with pyraclostrobin + methyl thiophanate +
fipronil (Standak Top®), at the rate of 2.0 mL of the
commercial product per kilogram of seeds, and
inoculated with Bradyrhizobium japonicum strains
SEMIA 5079 and SEMIA 5080 (Nitragin Cell Tech®),
at 3.0 mL of the commercial product per kilogram of
seeds. Base fertilization was carried out by applying
350 kg ha' of a 02-30-20 formulation at sowing. Each
experimental unit consisted of four 5.0 m-long soybean
rows, and two central rows were considered as useful
area, excluding 1.0 m from each end.

During the soybean growing season, the
management of weeds, pests and diseases was
performed using the following products: glyphosate,
pyraclostrobin + epoxiconazole, azoxystrobin +
ciproconazole, teflubenzurom, chlorpyrifos and
cypermethrin. All the chemicals used in the present
investigation were of analytical grade.

After harvesting, plants were taken to the
shade and, when the water content of the seeds ranged
between 12 % and 13 %, they were mechanically
threshed in a grain thresher (Vencedora Magqtron®
model B-380). After cleaning the seeds, the 1,000-
seed mass, according to Brasil (2009), and the seed
yield (kg ha!), with correction for 13 % of wet basis,
were determined. Subsequently, the seeds were
sieved through round hole sieves with diameters of
6.00 mm, and then separated into two parts: the first
was used for evaluations without storage time and
the second was placed in Kraf-type paper bags and
kept in a laboratory environment with temperature
of 25+ 0.8 °C, for 8 months. Afterwards, seeds were
submitted to the following tests:

a) Water content: after drying in the shade,
the water content (%) of seeds was determined by
the oven dry method at 105 °C (= 3 °C), for 24 h
(Brasil 2009);

b) Emergence: carried out in a greenhouse,
using 4 replications of 50 seeds of each treatment. The
seeds germinated in plastic trays (42 cm X 28 cm X
6 cm) containing soil and sand, at the proportion
of 2:1 (v/v). The water content of the substrate
was maintained at 70 % of the field capacity, with
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daily irrigations. The trays were maintained under
greenhouse conditions at a temperature of 25 °C
(x 2 °C). Counts were performed daily and at the
end of the 14th day, and the emergence rate index
was calculated according to the formula proposed
by Maguire (1962);

c¢) Plant dry matter: for determining the dry
matter production of shoots and roots, all seedlings
obtained at the end of the seedling emergence tests
(14th day) were removed from the trays, dried in
a forced air circulation oven for 3 days, at 60 °C,
and then weighed. The results were expressed in mg
seedling;

d) Germination: four replicates of 50 seeds
from each treatment were distributed between three
sheets of paper towel moistened with distilled water,
in the proportion of 2.5 times the weight of the
dry paper towel. After the towels were rolled up,
they were taken to a germinator set to a constant
temperature of 25 °C. Evaluations were carried out
at the 8th day after the test installation (Brasil 2009);

e) Accelerated aging: seeds were placed on
an aluminum screen fixed inside plastic germination
boxes (11.0 cm x 11.0 cm X 3.0 cm) containing
40 mL of distilled water (Marcos Filho 1999). The
germination boxes were kept in a BOD incubator
at 41 °C, for 48 h. After this period, 200 seeds from
each treatment were divided into four replications
of 50 seeds, and germinated as previously described
(germination test). The evaluation was made on the
fifth day after sowing, and the percentage of normal
seedlings was calculated (Brasil 2009);

f) Electrical conductivity: four replicates of
50 seeds of each treatment were placed in 300 mL
plastic cups and weighed on an analytical scale
(0.001 g accuracy). Then, 75 mL of distilled water
were added to each container. The containers were
placed in a BOD incubator at a constant temperature
of 25 °C. After 24 h of incubation, the seeds were
gently agitated for homogenization of the solution,
and the electrical conductivity was measured
with a conductivity meter (MS TECNOPON® -
mCA150). The results were expressed as uS cm™ g!
(Krzyzanowski et al. 1999);

g) Mechanical damage (sodium hypochlorite):
carried out according to Krzyzanowski et al. (2004).
Four replicates of 50 seeds per treatment were
immersed for 10 min in a 2 % solution of sodium
hypochlorite. Subsequently, the solution excess
was discarded and the seeds distributed on sheets of
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paper towel to determine the percentage of swollen
(damaged) seeds;

h) Tetrazolium: the test was conducted
on two sub-samples of 50 seeds per treatment.
The pre-conditioning of seeds was carried out on
moist germination paper towel, for 16 h, at 25 °C.
Afterwards, the seeds were transferred to plastic cups
with a 0.075 % solution of 2,3,5-triphenyl tetrazolium
chloride and stained in a dark chamber at 40 °C, for
3 h. Then, the seeds were washed in running water and
each seed was analyzed individually by examining
the location and extent of external and internal
damages (mechanical damage, weathering and stink
bug feeding damage), by cutting longitudinally the
seeds along the embryonic axis, and the seed coat
was removed (Franga-Neto et al. 1998);

i) Seed health: evaluated by the Blotter-test
method, with 5 replicates of 40 seeds. The plates were
kept in an incubation room at 20 °C and photoperiod
of 12 h, for 7 days, and then evaluated for the
presence of pathogens associated to the seeds. Seed
health was evaluated through the confidence interval
for proportions (Ramalho et al. 2012).

Data were submitted to analysis of variance
(Anova) and, when significant, the means were
compared by the LSD test, at 5 %, using the Sisvar®
software, version 5.3 for Windows (Statistical
Analysis Software, UFLA, Lavras, MG, BRA). For
the harvesting times, the regression analysis was
used, and the significant equations with the highest
coefficients of determination (test F, p <0.05) were
adjusted using the SigmaPlot 11.0 software for
Windows (Systat Software, Inc., San Jose, CA,
USA).

315
RESULTS AND DISCUSSION

The storage of soybean seeds for 8§ months
significantly affected (p < 0.01) all studied variables
(Table 2). However, in terms of moisture content of
the seeds harvested in different periods of time, no
significant differences were detected. These results
are similar to the findings of Lima et al. (2007), who
evaluated the delayed harvesting of different soybean
genotypes and found no statistical difference for
this parameter. For the harvesting period x storage
interaction, significance was noticed only for the
germination rate, emergence speed index, accelerated
aging and tetrazolium vigor test.

In general, the soybean seeds stored for 8
months showed a greater reduction of moisture
content, physiological quality and seedling
vigor, evinced by the variables germination rate,
emergence rate, emergence speed index, total dry
mass, accelerated aging, electrical conductivity,
hypochlorite, tetrazolium vigor and viability tests
(Table 3). These results corroborate the findings of
Barbosa et al. (2010), who observed a loss of vigor
in soybean seeds after 6 months of storage. Similarly,
Almeida et al. (2010) observed a decrease in the
soybean germination rate after 180 days of storage
under environmental conditions.

The decrease in the moisture content may be
attributed to the permeability of the packages storing
the seeds, which allowed the exchange of water vapor
with the environment. This occurs because seeds
and grains are hygroscopic and subject to sorption
processes, i.e., their moisture content is always
in equilibrium with relative air humidity and air

Table 2. Analysis of variance for moisture content (MC), germination rate (GERM), emergence rate (EMER), emergence speed
index (ESI), total dry mass (TDM), accelerated aging (AA), electrical conductivity (EC), mechanical damage by sodium
hypochlorite (HYPO), tetrazolium vigor test (TZ, ) and tetrazolium viability test (TZ, ), obtained in different harvesting

times, for the BRS 820 RR" soybean cultivar.

Causes of variation MC GERM EMER ESI TDM
F-test Probability > F!
Storage (S) <0.000 <0.000 <0.000 <0.000 <0.000
Harvest period (H) 0.996 <0.000 <0.000 <0.000 <0.000
Interaction (S x H) 0.999 <0.000 0.609 <0.000 0.109
CV (%) 13.13 8.01 7.46 10.53 9.38
AA EC HYPO TZ; TZ, s
Storage (S) <0.000 <0.000 <0.000 <0.000 <0.000
Harvest period (H) <0.000 <0.000 <0.000 <0.000 <0.000
Interaction (S x H) <0.000 0.473 0.203 <0.000 0.453
CV (%) 19.03 9.42 22.90 7.80 9.68

! Fisher-Snedecor F test.
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Table 3. Average values of moisture content (MC), germination rate (GERM), emergence rate (EMER), emergence speed index (ESI),
total dry mass (TDM), accelerated aging (AA), electrical conductivity (EC), mechanical damage by sodium hypochlorite
(HYPO), tetrazolium vigor (TZ, ,) and viability test (TZ, ), obtained in different harvesting times, for the BRS 820 RR"

soybean cultivar.

MC GERM EMER TDM
Storage (months) % ESI mg’
0 10.36 a* 84.12 a 83.81a 3728 a 114.25a
8 8.30b 44.09 b 76.18b 17.39b 97.37b
AA EC HYPO TZ, 4 TZ, s
Storage (months) % Som’' g %
0 40.68 a 108.15b 6.81b 79.28 a 82.18 a
8 18.50b 133.77 a 24.06 a 63.28b 75.87b

* Means followed by the same letter do not differ from each other, according to the F test.

temperature (Smaniotto et al. 2014). However, the loss
of vigor in the soybean seeds stored for 8 months may
be related to the biochemical transformations occurring
in the seeds, since, according to Smaniotto et al. (2014),
soybean seeds tend to lose vigor and germination
capacity during storage, due to lipid peroxidation.

The physiological quality of the soybean seeds
was affected by the delayed harvesting. A quadratic
behavior was observed for emergence (Figure 2a),
seedling dry mass (Figure 2b), electrical conductivity
(Figure 2¢), mechanical damage (Figure 2d) and
tetrazolium viability test (Figure 2e). As a result, the
harvesting at the R, stage demonstrated higher values
for emergence, dry seedling mass and tetrazolium
viability rates, and lower values for electrical
conductivity and mechanical damages. After a 10-day
harvesting delay, the seeds started to deteriorate,
resulting in a marked decrease in seed quality, which
was intensified by the delay of up to 35 days. These
results are similar to those found by Diniz et al.
(2013b), who observed higher mean values for the
emergence rate of seeds harvested at the R, stage,
decreasing from the day 15 after emergence.

For Minuzzi et al. (2010), the qualitative
reduction of the physiological parameters may be
related to the seed respiratory process, which, in
turn, may be favored by situations of frequent rainfall
during the pre-harvesting period. Therefore, the
precipitations caused at 10, 15 and 20 days after the R,
stage resulted in the acceleration of the physiological
quality deterioration process of the soybean seeds from
day 10 of delayed harvesting. According to Marco
Filho (2005), the alternation of dry and wet periods
predisposes the occurrence of damages to the seed
integument, due to the expansions and contractions
after successive wetting and drying cycles.

The minimum germination rate of soybean
seed lots in Brazil is 80 % (Brasil 2013). Thus, seeds
harvested up to 15 days after the R, stage showed
satisfactory germination rates (Figure 3a), when
the seeds were not stored. However, regardless of
the harvesting period, after 8 months of storage, the
soybean seeds showed germination rates below the
marketing standard, with drastically reduced rates for
seeds harvested after 15 days of delay. These results
are similar to the findings of Xavier et al. (2015),
who verified a higher germination potential after
7 days, at the R, stage. According to Franga-Neto et
al. (2010), seeds with germination rates below the
minimum marketing standards result in low-vigor
seedlings and no possibility of being competitively
established in the field.

With respect to the marketing requirements,
the germination rate alone is not sufficient, so
other vigor indicators, such as seedling dry mass
(Figure 2b), emergence speed index (Figure 3b),
accelerated aging (Figure 3c) and tetrazolium vigor
test (Figure 3d), are required. For these parameters,
no harmful effect was observed up to 10 days of
delay in the non-stored seeds and up to 8§ months
in the stored seeds. However, the non-stored seeds
obtained higher average values for all the seed quality
variables (Table 3).

Regarding the seed sanitary evaluation,
the pathogens Colletotrichum sp., Phomopsis sp.,
Penicillium sp., Aspergillus sp., Fusarium sp.,
Semitectum sp., Cercospora kikuchii and Alternaria
sp. were identified in newly harvested seeds
(Figure 4a), as well as in stored seeds (Figure 4b).
The pathogens observed in the soybean seeds in this
study are the highest occurring pathogens in Brazil.
According to Danielli et al. (2011), these pathogens
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are of greater importance, as they cause significant
losses in crops and reduce the quality of soybean
seeds.

According to Marcos Filho (2005), fungi of
the genus Fusarium sp., Colletotrichum sp. and
Alternaria sp. are known as field fungi, and their

occurrence is accentuated when the seeds remain in
the field for a relatively long period after maturity,
exposed to a warm and humid environment, whereas
Penicillium sp. and Aspergillus sp. are storage
fungi, which contaminate the seeds after harvesting,
especially in cases of delay. Thus, greater proportions
of these pathogens were observed in each seed
storage period (Figures 4a and 4b).

In general, a higher incidence of pathogens
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Figure 2. Average values for emergence (EMER; a), seedling dry mass (SDM; b), electrical conductivity (EC; c), mechanical damage
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periods, for the BRS 820 RR® soybean cultivar.
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Figure 3. Average values of germination rate (GERM; a), emergence speed index (ESI; b), accelerated aging (AA; ¢) and tetrazolium
vigor test (TZ, ,; d), obtained in different harvesting and seed storage periods, for the BRS 820 RR"™ soybean cultivar.
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part, to the incidence of pathogens, and the reduced
physiological quality may be caused by delayed
harvesting.

Regarding the average storage times,
according to the confidence interval analysis for
proportions, the incidence of pathogens was found
to be similar both at month 0 and 8 (Figure 4d).
However, differences were observed concerning
the presence of the different pathogens in the non-
stored and stored seeds, as previously reported.
With reference to the increase of Phomopsis spp.
in soybean seeds stored for 8§ months (Figure 4a),
when compared to the non-stored seeds (Figure 4a),
possibly the lower germination rates of the stored
seeds (Figure 3a) are related to the presence of this
fungus.

According to Henning et al. (2005), Phomopsis
spp. can reduce seed germination, especially in
laboratory tests. Therefore, it has been the cause of
many unsuccessful seed lots intended for sowing,
even those containing seeds with high physical and
genetic purity levels (Diniz et al. 2013a). This fact can
be explained by the escape mechanism by which the
emergent seedling releases the infected integument
onto the soil, whereas, in the laboratory germination
test under paper roll, the integument remains
connected to the cotyledons, so the associated fungi
cause seed deterioration.

CONCLUSIONS

1. Delayed harvesting of soybean seeds from 10
days after the reproductive R, stage impairs seed
vigor and germination, in addition to increasing
the incidence of pathogens;

2. Regardless of the harvest period, the soybean
seeds stored for 8 months show a reduction in the
physiological quality of the seeds, with an increase
in the incidence of Phomopsis spp.
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