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Physiological potential of soybean seeds after maturation and
submitted to artificial drying'
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ABSTRACT - This study evaluated the physiological potential of soybean seeds harvested during two seasons, on different
maturation stages and subjected to different drying temperatures. The seeds were harvested at the maturations stages R7, R7 +
2,R7+3,R7+5,R7+6,R7+7,R7+10and R7 + 12 days (55, 50, 45, 40, 35, 30, 25, and 20% of moisture content). For each
maturation stage, seeds were divided into three samples: one sample was used to directly evaluate the physiological potential,
and the others were dried at 40 °C and 50 °C, until reaching the moisture content of 11.5%. The physiological potential
was evaluated through germination test, first germination count of germination, accelerated aging, modified cold, electrical
conductivity and seedling emergence. The maximum physiological potential of seeds is achieved at the moisture content of
55%, the point that the dry matter is maximum. The seeds became tolerant to artificial drying approximately at the stage R7 +
7 days (30% of moisture content). Germination and vigor of the soybean seeds reduce as the drying temperature is increased

from 40 °C to 50 °C, and this effect is enhanced when the seeds show moisture contents above 30%.

Index terms: Glycine max L., seed development, germination, seed drying, vigor.

Potencial fisiologico de sementes de soja durante a maturagao €
submetidas a secagem artificial

RESUMO - O presente trabalho teve como objetivo avaliar o potencial fisiologico de sementes de soja provenientes de duas
épocas de semeaduras, em diferentes estadios de maturidade, submetidas a diferentes temperaturas de secagem. As sementes
foram colhidas nos estadios de maturagdo R7, R7 +2, R7+3,R7+ 5, R7+6,R7 + 7, R7 + 10 e R7 + 12 dias (55, 50, 45, 40,
35, 30, 25 € 20% de teor de adgua). Para cada estadio, houve a separacdo das sementes em trés partes, sendo uma diretamente
submetida a avaliacdo do potencial fisiologico, e as outras secas a 40 °C e 50 °C, até atingirem o teor de agua de 11,5%. O
potencial fisioldgico foi avaliado pela germinagao, primeira contagem, envelhecimento acelerado, frio modificado, condutividade
elétrica e emergéncia. O maximo potencial fisiologico é alcangado com 55% de teor de agua, momento onde o acumulo de
massa seca ¢ maximo. As sementes tornam-se tolerantes a dessecacdo proximo ao estadio R7 + 7 dias (30% de teor de agua).
Germinagdo e vigor das sementes de soja reduzem com o aumento da temperatura de secagem de 40 °C para 50 °C, sendo o efeito

potencializado quando os teores de agua estdo acima de 30%.

Termos para indexagdo: Glycine max L., desenvolvimento de sementes, germinagao, secagem de sementes, vigor.

Introduction

Obtaining high quality soybean seeds has historically
been one of the major challenges to this commodity
production. Besides, from agricultural perspective soybean
seeds provide a highly effective strategy transmission of

'Submitted on 02/10/2017. Accepted for publication on 10/05/2017.

technological genetic information from the mother plant
to the next generation. Therefore, in addition to planting
soybean crops during atypical seasons, such as the second
season crops (Bornhofen et al., 2015), strategies for early and
systematized harvest have become more frequent in order to
limit the exposure of the seeds to rain and other fluctuations
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in environmental conditions after reaching physiological
maturity (Castro et al., 2016).

So, several quiescent dilemmas returned to emerge, such
as the optimal harvest time and requirements of the drying
process, due to the high moisture contents of harvested
materials, that are close to the physiological maturity, have
the ability to impair the processes of mechanical harvesting
and drying with heated air (Surki et al., 2012).

Soybean seeds typically reach physiological maturity
at moisture contents ranging from 50% to 55%, so, it is
common practice to postpone harvesting until after the
moisture contents have decreased to 16.5%-13% (Terasawa
et al., 2009). However, the maximum physiological potential
does not always coincide with tolerance to drying and with a
convenient harvest time. In addition, leaving the crop in the
field exposes the seeds to adverse conditions that may reduce
the performance of the seeds. It is, therefore, necessary to
obtain a better understanding of the maturity stage at which
the seeds acquire the ability to tolerate drying and the time
at which the maximum germination and vigor potential are
reached, under different climatic conditions (Carvalho and
Novembre, 2012; Zadeh et al., 2014; Donato et al., 2015;
Xavier etal., 2015; Castro et al., 2016). Besides, it is important
to know the adequate temperature to apply to the seeds as
long as the moisture content decreases while seeds remain in
the field conditions.

In the present work was evaluated the physiological
potential of soybean seeds from two sowing seasons,
harvested on different maturation stages and subjected to
different drying temperatures.

—— Temperature (°C)

Relative humidity (%)

Materials and Methods

Soybean seeds were grown under a no-tillage system during
two different sowing seasons in 2013-2014. The first season
was between October and February (first season crop) and the
second season was between January and May (second season
crop). The soybean seeds production occurred at Fazenda Sao
Lourenco, located at 22°11°58.06” S, 54°53°24.32” W and at
452 meters, in the city of Dourados, MS, Brazil. The rainfall,
average daily temperature, and relative humidity data for the
experimental periods are shown in Figure 1.

Preparation of the area, in both seasons, consisted of
desiccation using Paraquat + Diuron: 400 g + 200 g.ha! and
2,4-dicholorophenoxy: 806 gxha'l. The fertilization process
was performed simultaneously with sowing, using 260 kg.ha™!
of fertilizer 02-20-20 (NPK) which also contained 8% Ca, 4%
S, 0.2% Zn, and 0.1% Bo. Seeds from cultivar SYN 1059 RR
(V-TOP) were used and treated with insecticides (Fipronil:
12.5 g for 50 kg of seeds; Thiamethoxam: 17.5 g for 50
kg of seeds) and fungicides (Metalaxyl-M + Fludioxonil:
0.5 g + 1.25 g for 50 kg of seeds). Sowing was performed
mechanically, with a spacing of 0.45 m between the rows at
a density of 18 seeds.m, yielding a final density of 355,555
plants.ha!. Each experimental plot consisted of eight rows,
each with a length of 10 m, and the growing area of each plot
consisted of the six central meters of the four central lines,
totaling 10.8 m?.

Manual harvest began at the physiological maturity stage,
as determined by Fehr and Caviness (1977), at the stages R7
(one normal pod in the stem with mature pod coloration), R7
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Figure 1. Rainfall index, daily average temperature, and relative humidity during the production of soybean seeds, between
October and February (2013-2014), and January and May (2014).
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+ 2 days, R7 + 3 days, R7 + 5 days, R7 + 6 days, R7 + 7 days,
R7 + 10 days and R7 + 12 days, corresponding to the seeds with
moisture contents of 55, 50, 45, 40, 35, 30, 25, and 20% (w.b.),
respectively. The moisture contents of the seeds were determined
by the oven method at 105 °C, for 24 h, with two subsamples of
200 seeds (about 25 g) each (Brasil, 2009). Seeds harvested for
each moisture content were divided into three parts: not dried
(control), dried at 40 °C, and dried at 50 °C.

The seeds were dried in an experimental fixed-bed dryer,
in a drying chamber with a diameter of 0.80 m, and height
of 1.0 m. The heating source for the experimental dryer was
a set of electrical resistances, with a total power of 12 kW,
and an associated centrifugal fan of 0.75 kW (Ibram, model
VSI-160). The temperature was controlled with a universal
process controller (Novus, model N1200), together with a
Proportional-Integral-Derivative (PID) control. The airflow
was 0.2 m>.s.m?, selected by using a frequency converter
attached to the fan motor.

The seeds were dried at 40 °C and 50 °C until they reached
a moisture content of 11.5% (w.b.). The drying process was
monitored using the gravimetric method and the gradual mass
loss was recorded. While monitoring the drying process, the
water reduction rate (WRR) of the soybean seeds at 40 °C and
50 °C was determined using Equation 1 (Corréa et al., 2001),
which describes the amount of water that a product loses per
unit of dry matter, per unit of time.

WRR = Mw, - Mw,
DM (¢, -t,) (D)

where

WRR: water reduction rate, DM: dry matter, in kg

in kg.kg'.h'!
Mw,: previous total water t: previous total drying
mass, in kg time, in h

Mw_: current total water t: current total drying time,
mass, in kg inh

Several tests were used to evaluate the effect of harvesting
seeds with different moisture contents, subjected to different
drying temperatures.

Germination and first germination count tests were
performed simultaneously, using four subsamples of 50 seeds
for each treatment. The seeds were distributed in paper towel
rolls moistened with distilled water, in a volume equivalent to
two and a half times the mass of the dry paper, and maintained
at 25 °C in a Mangelsdorf germinator. The evaluations
were performed on the 5" and 8" days. On the 5% day, the
percentage of normal seedlings for the first germination count
was calculated; on the 8" day, germination was determined,

according to Rules for Seed Testing (Brasil, 2009).

The dry matter test was performed using four
subsamples of 50 seeds for each treatment, and the seeds
were dried at 105 °C, for 24 h. Subsequently, the mass
for each replication was determined using an analytical
balance with a resolution of 0.0001 g. To determine the dry
matter weight of each seed, each mass was divided by 50.
The results were expressed in mg.seed.

The accelerated aging test was performed according to
the method described by Marcos-Filho (1999). Approximately
300 seeds for each treatment were placed in a single uniform
layer on a stainless steel screen that was suspended inside a
Gerbox plastic box, containing 40 mL of distilled water at the
bottom. The closed boxes were kept in a B.O.D. chamber for
48 h ata controlled temperature of 41 °C. The moisture content
of the seeds was subsequently determined and the germination
test was performed (Brasil, 2009). The percentage of normal
seedlings was calculated on the 5" day of the test.

The modified cold test was performed according to the
method described by Barros et al. (1999), with four subsamples
of 50 seeds for each treatment. The seeds were distributed in
paper towel rolls moistened with distilled water, in a volume
equivalent to three times the mass of the dry paper. These rolls
were kept in a B.O.D. chamber for 5 days at 10 °C, and were
subsequently transferred to a Mangelsdorf germinator, with a
controlled temperature of 25 °C, where they remained for 4 days,
after which the percentage of normal seedlings was calculated.

The electrical conductivity test was performed using
four subsamples of 50 seeds for each treatment. The seeds
were weighed and then placed in 200 mL glasses to absorb 75
mL of distilled and deionized water for 24 h, at 25 °C. After
this period, a Gehaka digital conductivity meter, model GC
1800, was used to determine the electrical conductivity of the
soaking solution. The results were expressed in uS.cm.g’!
(Vieira and Krzyzanowski, 1999).

The seedling emergence test was performed in trays in a
greenhouse, using four subsamples of 100 seeds for each treatment.
The number of emerged seedlings was counted daily until the
counts were stable. Normal seedlings above the soil surface after
14 days were considered emerged seedlings. The sowing substrate
was a 1:1:1 mixture of soil, organic compost and sand.

The experiment was conducted in a factorial scheme of 2 x8x3,
consisting of two sowing seasons, eight harvests for the different
maturation stages, and three drying temperatures, in a completely
randomized design with four replicates. The data were analyzed
for the variance and, when significant effects were detected, the
data were submitted to polynomial regression analysis. The
models were selected according to the magnitude of the coefficient
of determination (R?), the significance of the regression using the
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F test, and the variable under study.
Results and Discussion

For all variables analyzed, there were significant
interactions between maturation stage and drying treatment.
In addition, in the electrical conductivity test, the significant
interaction between the sowing season and the drying treatment
confirmed that changes in the physiological potential of the
seeds were related to these variables (Table 1).

The maximum germination potential (100%) occurred
when the seeds had the moisture content of 55% (Figure 2a).
However, a reduction in the germination potential followed the
moisture content natural decrease, possibly because the field
conditions where the seeds were exposed . The seeds with 25%
moisture content, for example, showed 96% germination. As
observed by Holtz and Reis (2013) and Xavier et al. (2015),
this fact is usually related to the seeds storage in the field
conditions, which ultimately affects not only the seeds physical
quality but also physiological attributes such as germination,

Table 1. Variance analysis for germination (G), first germination count (FGC), accelerated aging (AA), modified cold (MCT),
electrical conductivity (EC), emergence (EM) and dry matter (DM) tests for soybean seeds, produced in two sowing
seasons (SS), harvested with different maturation stage (MS) and subjected to different drying treatments (DT).

F calculated
iati DF
Variation sources G FGC AA MCT EC EM DM
Sowing season 1 193" 49" 424" 725" 2046 523" 3.5
(88)
D rym“z’lnge;‘tmem 2 61516 625737 505147 381157 3744577 5027.8” -
Maturation stage o o . . . . .
(MS) 6 1647.3 1424.6 1084.6 471.9 10184.2 1226.9 135.4
SS x DT 2 2.3™ 0.5™ 0.1™ 1.5™ 6.17 0.5™ -
SS x MS 6 0.1™ 0.1™ 0.1™ 0.1™ 0.2"™ 0.2™ 0.02™
DT x MS 12 519.6™ 542.3" 416.17" 293.9™ 4211.9" 461.4™ -
SS x DT x MS 12 0.1™ 0.1™ 0.3™ 0.1™ 0.4™ 0.2™ -
Residual 126 - - - - - - -
Total corrected 167 - - - - - - -
CV% - 23 2.5 3.0 3.6 1.8 2.6 2.9
Total average - 78.8 73.6 69.7 68.3 65.3 73.4 221.5

DF: degree of freedom; CV: coefficient of variation; “'significant at p < 0.01; ™not significant.
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Figure 2. Germination test of the soybean seeds (a), and (b) dry matter of seeds during maturation.
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mainly due to the seeds exposure to fluctuations in temperature
and relative humidity accelerating the deterioration.

The relationship observed between germination and
seed moisture content corroborated the results observed for
the dry matter of seeds during maturation, since the largest
dry matter accumulation occurred at the moisture contents
of 55% (253.62 mg.seed!), corresponding to the maximum
germination potential of the seeds (Figure 2b). Furthermore,
since there was a decrease in dry matter concomitant with the
seeds moisture content decrease, suggesting the seeds exposes
to uncontrolled environmental conditions in the field affected
the seeds quality, most likely because of the deteriorative
processes aggravation, which starts when physiological
maturity is reached.

The seeds with 55% moisture content showed the highest
germination. When the seeds were dried with air heated to 40 °C and
50 °C until reach the moisture contents of 11.5%, germination was
reduced to 36% and 22%, respectively, indicating that the ability
to tolerate drying had not yet been completely acquired. However,
seeds harvested with the moisture contents of approximately 30%
showed 96% germination and, when the seeds were dried at 40 °C
and 50 °C, they showed 97% and 81% germination, respectively,
indicating the ability to withstand after drying was established
(Figure 2a). Therefore, desiccation tolerance is acquired during the
maturation process indicating the reduction in the seeds moisture
content from the physiological maturity, which was remarkable by
the gradual acquisition of the seeds germinability. According to
Berjak and Pammenter (2013), intracellular physical characteristics
become modified with the acquisition of desiccation tolerance,
such as changes in cell membranes. Moreover, as suggested by
the same authors, deposition of insoluble proteins within vacuoles,
thus providing mechanical resilience against cell collapse
characterizes the ability of the seeds to lose structural water and,
when rehydrated, resume its vital functions, initiating germination
and early seedling development.

Drying the seeds at 50 °C showed a detrimental effect on
the soybean seeds. The seeds harvested with moisture contents
of 25% and dried at 40 °C showed 93% germination, while
the seeds dried at 50 °C showed 84% germination, indicating
the temperature was a crucial factor leading to reduce the
germinability (Figure 2a). As observed by Afrakhteh et al.
(2013) for soybean and by Ullmann et al. (2015) for sorghum
[Sorghum bicolor (L.) Moench], increasing the air-drying
temperature from 40 °C to 50 °C adversely affected the
germination potential of the seeds. Increasing the speed at
which water was removed created a high gradient between
the periphery and the interior of the seeds, promoting the
formation of cracks in the tegument and microcracks in
the cotyledons, which interfered with the early stages of

germination, such as the imbibition rate and metabolic reset.

This relationship between increasing drying air
temperature and increasing water removal speed was
confirmed during the drying process by the water reduction
rate. In the present study, the water reduction rate promoted by
the drying process increased as the air temperature increased,
making the process faster and, at the same time, detrimental
to the seeds (Figure 3). Coradi et al. (2016) evaluated the
effect of the drying air temperature on the quality of soybeans
and found similar results; the coefficient of effective water
diffusivity in the product increased as the air temperature
increased, thereby increasing the drying speed. Moreover,
according to the same authors, although increasing the
temperature reduced the duration of the process, the quality of
the product was compromised, since physical damage, such
as cracks and fissures, was more severe.

In this study, the first germination count showed that the
maximum vigor of soybean seeds was reached concomitantly
with the maximum seed germination. Seeds with moisture
content of 55% showed 97% germination in the first
germination count, with a subsequent gradual decrease,
possibly because of exposure of the seeds to the field
environmental conditions lead to the degradation processes
(Figure 4). This was also observed and proposed by Nogueira
et al. (2014) evaluating the development and physiological
quality of cowpea seeds [Vigna unguiculata (L.) Walp.]
during the maturation process. The maximum germination
and vigor determined by the first germination count test
was reached at the time of physiological maturity, when the
seeds showed moisture content of approximately 54%, but
decreased as the harvest process was delayed. However,
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Figure 3. Water reduction rate for the soybean seeds during
drying at 40 °C and 50 °C.
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based on the first germination count test in the present study,
the seeds dried at 40 °C and 50 °C, the maximum vigor was
observed for seeds with moisture contents of 30% and 25%,
showing 92% and 78% germination, respectively; as soon as
desiccation tolerance in soybean seeds occurred later than the
seed physiological maturation, a stage at which the seeds still
have a high humidity. This suggests the natural drying that
occurs in the seeds while they are still physically connected
to the main plant is essential for acquiring desiccation
tolerance. The vigor of soybean seeds was impaired at the
drying temperature of 50 °C, as evidenced by the decrease
in the germination speed, with the increase in the drying air
temperature (Figure 4).

The maximum vigor of the seeds through the accelerated
aging and modified cold tests showed the highest values (93%
for both tests) for the seeds with 55% of moisture content
(Figure 5). Seed vigor decreased linearly with the permanence
of the crop in the field; the harvest time had a direct effect
on the maintenance of the physiological quality of the
seeds. However, the tolerance to dehydration was gradually
acquired. When the soybean seeds attained the moisture
content of 30% and subsequent dried at 40 °C, the maximum
values for both the accelerated aging and modified cold tests
were 90 and 88% (Figure 5), indicating that the seeds vigor
was more affected when the drying process was performed at
moisture contents above 30%, than it was for lower moisture
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FCspoc =55.1071 +2.2601 MC - 0.0535 MC? (R* = 0,9844)

Figure 4. First germination count test of the soybean seeds, related to moisture content and drying temperature.
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Figure 5. Percentage of normal seedlings after the (a) accelerated aging, and (b) modified cold tests of the soybean seeds,

related to moisture content and drying temperature.
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contents. As observed by Silva et al. (2007), soybean seed
drying with moisture contents above 30% negatively affected
their physiological potential, specially germination and vigor.
According to these authors, it is due to the mechanisms
responsible for desiccation tolerance were not yet present or
active in the seeds, providing rapidly lost of the seeds viability
and its ability to germinate and develop vigorous seedlings.
According to a series of authors, the desiccation tolerance is
acquired due the activation of some proteins that accumulate in
the final of maturation stages, such as the LEA proteins, which
have the capacity to protect important macromolecules for the
germination process, such as enzymes and lipids, according to
evolution of the dehydration process, conferring to the seeds a
greater cellular stability when they enter on the state of vitreous
yet (Dalahaie et al, 2013; Kleinwéchter et al., 2014; Righetti et
al., 2015; Soares et al., 2015).

At the drying temperature of 50 °C, it was observed that the
capacity of the seeds to withstand desiccation only was attained
after the physiological maturity (Figure 5). However, this had
detrimental effects on the seeds, probably because of faster
water removal, confirmed by the WRR (Figure 3). Possibly,
the damage at the cellular level was higher at 50 °C, thereby
reducing the seeds ability to withstand stressful environmental
conditions. Drying soybean seeds with moisture contents above
30% at temperatures of 50 °C increased the damage at the
cellular level, particularly in the area of the embryonic axis of the
soybean seeds (Silva et al., 2007; Afrakhteh et al., 2013), possibly
because of its external location in the seed and the relatively thin
protective tegument (Pinto et al., 2012). The development of
normal seedlings perhaps was compromised by damage in the
hypocotyl-radicle axis, which reduced the ability of the seeds
to absorb reserves and produce vigorous seedlings (Surki et al.,

2012; Wendt et al., 2014; Pereira et al., 2015).

The electrical conductivity test confirmed the detrimental
effect on the soybean seeds physiological quality which
was kept in the field after physiological maturity (Figure
6); the low electrical conductivity values (22.90 puS.cm™.g")
were observed to the seeds with moisture content of 55%,
which gradually increased as the seeds moisture content
decrease. Seeds with 25% moisture content showed electrical
conductivity of 39.80 puS.cm™.g’!, indicating the progress of
the deteriorative processes (Figure 6). Diniz et al. (2013),
who studied the effect of harvesting time on the physiological
potential of soybean seeds, and Jacob Junior et al. (2014),
who studied the harvest season for different corn hybrids (Zea
mays L.), also found increases in the electrical conductivity
of the seed soaking solution, thereby demonstrating the seeds
deterioration from the harvest delayed is associated with the
decrease in germination and vigor.

According to Castro et al. (2016), several factors, such
as fluctuations in temperature and humidity and, depending
on the region, rainfall during the harvest season, increased
the deteriorative processes in soybean seeds that remained
in the field after reaching physiological maturity. These
environmental factors can increase the occurrence of pathogenic
microorganisms in the seeds, which can also have a negative
effect on the physiological potential (Diniz et al., 2013).

The detrimental effects of artificial drying of the soybean
seeds were detached in those seeds with moisture contents
between 45%-55%. For instance, electrical conductivity was
very high (143.62 pS.cm™.g") for soybean seeds harvested with
moisture contents of 55% and dried at 40 °C, and 73.33 puS.cm™.g’!
for seeds harvested with 45% moisture contents and dried under
the same conditions (Figure 6). Therefore, the assessment of the
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Figure 6. Electrical conductivity of the soybean seed soaking solution, related to moisture content and drying temperature.
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seeds vigor at the two drying temperatures showed that ability to
withstand dehydration is gradually acquired during the maturation
progress. When the seeds were harvested with moisture content of
32% following drying at 40 °C, it was observed a minimum value
of electrical conductivity (41.31 uS.cm.g") (Figure 6), indicating
greater desiccation tolerance. However, the seeds with moisture
contents slightly lower than 32% showed increase in the electrical
conductivity values, probably because the longer period in the field
before the harvest affected the seeds performance.

Drying seeds at the temperature of 50 °C was detrimental
to the physiological quality. The electrical conductivity values
at 50 °C were higher than those at 40 °C, for almost every seed
moisture contents (Figure 6). According to Sarath et al. (2016),
the electrical conductivity test is suited to identify damages caused
through the drying process because the values obtained from this
test are usually related with the number of cracks in the seeds and
also to the drying temperatures used, due to the air heating increase
the electrical conductivity values and the number of cracks. The
increase in the drying air temperature compromised the integrity
of the cell compartment and facilitates the solutes leakage.
Therefore, the cell membranes do not perform efficiently and the
selective barrier function decreases at the beginning of the soaking
process, which ultimately increases the values of the electrical
conductivity (Resende et al., 2012). Thus, this emphasizes
the slow drying determined by the low temperature was more
suitable to the maintenance of the seeds physiological potential,
presumably because sufficient time is given for the induction and
operation of protection mechanisms (Barrozo et al., 2014; Zadeh
et al., 2014). The results of the electrical conductivity test and the
water reduction rates for the two temperatures (Figure 2), as well

as for the germination and for the other vigor tests performed,
demonstrated that the damages were caused by the increase in the
temperature of the drying air.

In the electrical conductivity test, there was a significant
interaction between the sowing seasons and the drying
treatments (Table 1); the seeds produced in the second season
showed higher physiological potential than that one produced
in first season, as evidenced by the lower values of electrical
conductivity observed in the second harvest (Table 2). This
suggests that the seeds grown during the second season were
more tolerant to drying with heated air than that one grown
during the first season. This fact is possibly related to the
lowest temperatures and rainfall occurring during the period of
physiological maturity (Figure 1), which may have preserved
the quality and physical integrity of seeds, as mentioned by
Bornhofen et al. (2015) and Castro et al. (2016).

Emergence results were similar to those obtained for
the other vigor tests, confirming that maximum vigor was
attained when the seeds had moisture contents of 55% (95%

Table 2. Electrical conductivity (in pS.cm'.g') of the
soybean seed soaking solution, related to sowing

season and drying treatment.

Drying treatment

Sowing season

Control 40 °C 50°C
First season crop 32.10 cA 74.60 bA 93.10 aA
Second season crop 30.30 cB 71.20 bB 90.20 aB

Averages followed by the same lower case letter, between drying treatment,
and by the same capital letter, between sowing seasons did not differ
statistically using the Tukey test (p < 0.01).
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Figure 7. Soybean seed seedling emergence related to moisture content and drying temperature.
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emergence) (Figure 7). A linear reduction in the emergence
values was observed during the natural decrease of the
moisture content, reducting the physiological potential of the
soybean seeds that remained in the field, as also observed
by Diniz et al. (2013). This relationship was observed when
the seeds were harvested with 25% moisture content (88%
emergence; Figure 7).

Donato et al. (2015) observed that the physiological quality
of the seeds was influenced according to the maturity stage.
Soybean seeds with different physiological quality levels showed
differences in the parameters related to the seedling establishment,
with the values associated with the emergence decrease as the
physiological quality decreased (Diniz et al., 2013; Cantarelli et
al., 2015). Therefore, production components, such as the initial
and final stand, number of pods per plant, number of seeds per
pod, and productivity can be affected (Wendt et al., 2014).

The results found on the emergence test also showed that
tolerance to drying increased as long as the seeds maturation
proceed and the seeds moisture content decrease (Figure 7).
At the drying temperature of 40 °C, emergence reached the
maximum (93%) when the seeds had moisture content of 31%.
However, the quadratic behavior of the regression analysis
indicated the delay in the harvesting process could directly
affect the physiological quality of the seeds after the maximum
point when the values started to decrease. When the seeds were
harvested with moisture content of 25% and dried at 40 °C,
the emergence was about 89%. Thus, it was possible to detect
a reduction of approximately 0.7% in the emergence for each
1.0% decreased in the moisture content, probably due to the
deterioration process intensification, and not because of the
drying air heat at 40 °C.

The drying air temperature of 50 °C indicated that increasing
this factor directly reduced the seeds quality. This was further
confirmed by the lower emergence values at 50 °C than those at
40 °C. In particular, when the seeds were harvested with 25%
moisture content and dried at 40 °C, the emergence was 89%.
At the same moisture content, the maximum emergence of
78% was observed for the 50 °C. Therefore, although the seeds
dried at 40 °C were exposed to deteriorative processes from
the delayed harvest, the capacity to resume their growth based
on the emergence of seedlings was much higher than that one
observed for the seeds dried at 50 °C (Figure 7).

According to Surki et al. (2012), drying soybean seeds at
temperatures above 40 °C directly affected their physiological
quality. However, this effect was enhanced with seeds
moisture contents above 30%. Presumably, drying at high
temperatures affects the physical, structural, and metabolic
systems of the seeds, thereby disrupting their membranes and
the mechanisms related to germination (Costa et al., 2012a,b;

Ullmann et al., 2015). In addition, the detrimental effects of
high temperatures can be enhanced when the mechanisms
related to withstand severe dehydration are not completely
present or effective, depending on the particular stage of
maturation, characterized by the seed moisture content.
Therefore, tolerance to desiccation in soybean seeds seems
to be associated to the seeds maturity stage and to the water
reduction rate of the seeds.

Conclusions

The maximum physiological potential of seeds is
achieved at the moisture content of 55%, the point that the dry
matter is maximum. The seeds became tolerant to artificial
drying approximately at the stage R7 + 7 days (30% of
moisture content). Germination and vigor reduce as the drying
temperature is increased from 40 °C to 50 °C, and this effect is
enhanced when the seeds show moisture contents above 30%.
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