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Water availability, water content and chemical treatment of seeds
on the emergence of soybean seedlings1
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ABSTRACT - During the germination process, seeds are susceptible to abiotic and biotic stresses, such as attacks by pests and

pathogens. In this context, chemical treatment of seeds can promote physiological and morphological changes in seeds and seedlings,

in addition to protecting seeds. Two experiments were conducted with the following objectives: (I) assess the eff ect of soybean seed

water content on seedling emergence under diff erent water availability conditions; (II) assess the eff ect of chemical treatment of

soybean seeds on seedling emergence under water stress conditions. In the fi rst experiment, seeds of four cultivars had their water

content adjusted to 8, 11, and 14% and were sown in soil under four water potential levels (-0.01; -0.02; -0.10 and -0.40 MPa).

In the second experiment, seeds of the same cultivars were treated using metalaxyl, fl udioxonil and thiamethoxam, and untreated seeds

were used as controls. Sowing was carried out in soil under four water potentials, and seed quality parameters were evaluated in both

experiments. The data subjected to analysis of variance, and the means were compared using the Tukey test at 5% probability level.

There is no restriction on sowing soybean seeds with water content between 8 and 14% when the soil is under full water availability.

Under conditions of soil water restriction, it is recommended to use seeds with water content between 11 and 14%. Under water defi cit

conditions, treated soybean seeds show better membrane maintenance and superior performance in seedling emergence.
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INTRODUCTION

Recent climate change, especially with regard
to rainfall regimes, reinforces concerns about the
impacts on crop establishment and consequently on
agriculture (De Paola et  al., 2014; IPCC, 2023). In
the early stages of the establishment of a crop, water
deficit causes a delay in the speed of germination and
emergence, and under more severe conditions it affects
crop development and leads to reduced yield (Salton;
Morais; Lohmann, 2021; Soares et al., 2021).

In addition to soil water availability, seed water
content also influences germination. Soybean seeds,
when placed in substrate with excess moisture, show
rapid hydration, and may suffer damage by imbibition,
whose intensity depends on the cultivar and on the
initial water content. If the entry of water into the
seeds is not gradual, the membranes are not able to
reorganize themselves after imbibition, causing rupture
and disordered release of exudates by the tissues. This
process occurs mainly in seeds that have low water content
when sown, resulting in a drop in physiological quality,
formation of abnormal seedlings and absence of germination
(Gordin; Scalon; Masetto, 2015; Silva; Villela, 2011).

During the germination process, the seeds are
susceptible to abiotic and biotic stresses, such as pest
and pathogen attacks. To mitigate the effects of pest and
disease attacks in the soil and protect the seed during
germination and seedling establishment, chemical
treatment is a widespread strategy, promoting greater
uniformity in seedling emergence (Lacerda et al., 2021;
Sartori et al., 2020).

Seed treatment is used both for protection from
pathogen attack and associated with other molecules
in order to promote physiological and morphological
changes in seeds and seedlings and enhance the
establishment of crops (Frezato et al., 2021).

Studies on the eff ects of water defi cit on germination
have identifi ed that water potentials lower than -0.10 MPa
caused reduction in germination and seedling emergence.
However, most of these studies involved stress artifi cially
caused with osmotic regulators on a paper roll, or did
not test seeds with water content below the ideal to start
germination or the eff ect of chemical seed treatment on
germination (Rocha et al., 2020; Viçosi et al., 2017).

Thus,  the  objectives  were  to:  (I)  assess  the
effect of the water content of treated soybean seeds on
seedling emergence under different conditions of water
availability; (II) assess the effect of chemical treatment
of soybean seeds on seedling emergence under water
stress conditions.

MATERIAL AND METHODS

Seed samples from four soybean cultivars (Brasmax
8579RSF IPRO, NS 7007 IPRO, Brasmax 8473RSF
RR and Brasmax 74I77RSF IPRO) were collected in
the 2019/2020 season and sent to the Seed Analysis
Laboratory of UNESP/FCAV – Campus of Jaboticabal/SP.

Initially, the lots were characterized according to
the following tests and determinations: Water content
and germination test, according to methodologies
described in the Rules for Seed Analysis (Brasil, 2009).
After characterization, the seeds showed germination
values between 92 and 98% and water content ranging
from 9.7 to 10.3%.

To meet the treatments of the experiments
conducted, the seeds were treated using the protocol
of 10 g a.i. L-1 of metalaxyl; 25 g a.i. L-1 of fludioxonil
at dose of 1 mL.kg-1 of seed and 350 g a.i. L-1 of
thiamethoxam at dose of 3 mL.kg-1 of seed. The
treatment was carried out manually in transparent
plastic bags by shaking the samples for 2 min, considered
to be suffi  cient time for the seeds to be homogeneously
covered by the products (Machado et al., 2023). Control
treatment was obtained by applying distilled water in
the same amount of the chemical treatment mixture, using
the same homogenization protocol previously applied.

Based on the initial water content, the calculation
was performed to obtain the mass necessary for the
seeds to reach water contents of 8, 11, and 14%. The
seed lots that required water loss were arranged in a
single thin layer and kept on metal trays (20 x 20 x 2 cm)
in a forced air circulation oven at a temperature of 33 °C
(Vieira et al., 2002).

For the lots that required hydration, the wet
atmosphere method was adopted. In this case, the seeds
were kept on aluminum screen in transparent acrylic boxes
(11.0 x 11.0 x 3.5 cm) containing 40 mL of distilled water
inside, at 20 °C (100% RH). In both cases, successive
weighings were carried out until the seeds reached the
weight equivalent to the desired water content. To confi rm
the effi  ciency of the procedure, the water content of the
seeds was determined by the oven method at 105 ± 3 °C
for 24 hours after adjustment (Brasil, 2009).

In the fi rst experiment, the seeds of the four
cultivars, with and without treatment, also had the initial
water content adjusted to 8, 11 and 14%, composing a
completely randomized experimental design in a 2 x 3
factorial scheme with four replicates.

After that, the electrical conductivity test was
carried out using 10 subsamples of 50 seeds, which
were weighed on a precision scale (0.0001 g) and
immersed in plastic cups containing 75 mL of distilled



Rev. Ciênc. Agron., v. 56, e202392294, 2025 3

and deionized water. After the seeds were kept in
germination chambers at 25 °C for 24 hours, the
electrical conductivity of the imbibition solution was
measured with a conductivity meter (Digimed DM-32).
The results obtained were divided by the mass of the
seeds and expressed in μS cm-1 g-1.

In the second experiment, the seeds of the cultivars
were treated according to the treatment protocol described
above. Their water content was adjusted to 11%, and
sowing was carried out in a substrate composed of soil
(soil sample from the arable layer, 0 to 20 cm) under four
levels of water potential (-0.01, -0.02, -0.10 and -0.40 MPa),
composing the completely randomized experimental
design in a 4 x 2 factorial scheme with four replicates,
with evaluation of the following variables.

Seedling emergence: conducted with the
sowing of four subsamples of 50 seeds of each initial
water content on a plastic tray (30.0 x 15.0 x 13.0 cm)
filled with Latossolo Vermelho eutroférrico (Oxisol)
collected from an area under soybean cultivation in the
municipality of Jaboticabal, SP. The soil was collected
from the A horizon and passed through a 2.4-mm-mesh
sieve. Chemical analysis of the soil was not necessary
as the evaluations were carried out during germination
and emergence, a phase in which the seedling depends
only on the cotyledon reserve material.

The soil water retention curve was established
using a Richards pressure plate apparatus and used
to adjust the soil water content to the desired water
potentials, with daily moisture control through weighing
of replicates and additions of water proportional to
the daily losses. The emergence test was conducted
in a greenhouse (25 ± 2 ºC and RH = 60%) and its
evaluations were carried out daily until the 16th day
after sowing, when the average percentage of seedling
emergence was determined.

To determine the water potentials used, soil
samples with preserved structure were collected using
metal cylinders of 5 cm in diameter by 5 cm in height
(98 cm3), aiming at constructing the characteristic curve of
soil water retention. For this, the samples were saturated
with water and subjected to 60 and 100 hPa, on a tension
table, and at 330, 600, 1000 and 15000 hPa, in Richards
chambers (Klute, 1986). After reaching equilibrium,
the samples were weighed, dried in an oven with forced
circulation, at 105 °C, for 24 hours, and weighed again
to determine the dry mass.

The values of soil water tension were transformed
into volume-based soil moisture, using the characteristic
curve of soil water retention, which was obtained previously
and whose data were fi tted by the model proposed by Van
Genuchten (1980), according to Equation 1.

( )
( )[ ] 449.0813.1035.01

162.0552.0162.0
Y+

++=Q                                                                  (1)

Where Θ is the volumetric soil water content (cm3 cm-3)
and Ψ is the soil water matric potential in centimeters
of water column (cwc).

Emergence speed index: conducted in conjunction
with the seedling emergence test, up to the 16 th day after
sowing, and obtained by computing the number of
seedlings emerged per day and applying the formula
proposed by Maguire (1962).

Initial, final and mean time of emergence:
conducted together with the emergence test, calculated
based on the daily count of normal seedlings until
the end date of the test. The initial and final times
of emergence refer to the first and last day on which
there was emergence after sowing, respectively. These
times were calculated using the formulas proposed by
Santana and Ranal (2004).

In the third experiment, the seeds of the cultivars
had the initial water content adjusted to 8, 11 and 14% and
were sown in soil under four levels of water potential
(-0.01; -0.02; -0.10 and -0.40 MPa), composing the
completely randomized experimental design in a 4 x 3
factorial scheme with four replicates. The variables analyzed
were seedling emergence, emergence speed index
and mean time of emergence as described in the first
experiment, in addition to the following evaluations:

Seedling fresh mass: after the 16 th day of
sowing, 15 normal seedlings of each experimental plot
were removed from the soil, their roots were washed in
running water, dried with paper towels and the whole
seedlings were weighed on an analytical scale (0.001 g),
in the same environment where the experiment was
conducted, and the result was expressed in grams of
fresh mass/seedling.

Seedling dry mass: after weighing the fresh
mass, the seedlings were packed in Kraft paper bags
and dried in an oven with forced air circulation at 65 ºC
for 48 h. Then, the whole seedlings were weighed
on an analytical scale (0.001 g), and the results were
expressed in grams of dry mass/seedling.

The results obtained in both experiments
were subjected to the Shapiro-Wilk test to check the
normality and homogeneity of variances of the data,
respectively. The data were subjected to analysis of
variance and, when a significant effect was verified,
the means were compared by Tukey test at 5%
probability level, using R software (Core Team. R). In
the second and third experiments, principal component
analysis was applied with Past4 software, for general
evaluation of the results.
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RESULTS AND DISCUSSION

Experiment I

For the four cultivars analyzed, the lowest values
of electrical conductivity were found in the most hydrated
seeds, with 14% water content (Table 1). This phenomenon
can be attributed to the greater organization of the
membrane systems of their cells, allowing the reduction
of damage by imbibition after immersion in the water used
in the test, with less release of solutes. Conversely, drier
seeds, with 8% water content, showed higher values of
electrical conductivity, indicating damage caused by rapid
hydration during the test (Smaniotto et al., 2014).

However, the electrical conductivity values were
similar in seeds with water content between 8 and 11%
of the cultivars 8579RSF IPRO and NS 7007 IPRO and
between 11 and 14% of the cultivars 8473RSF RR and
74I77RSF IPRO. Thus, it was possible to verify that
the cultivars had seeds with different susceptibilities to
the imbibition damage caused by the test. The genetic
variability observed in soybean cultivars in terms of
damage due to seed imbibition has been reported in
research and can be justified by the difference in the
lignin content present in the seed coat of different
cultivars (Silva; Villela, 2011).

According to Huth et al. (2016), soybean seeds with
higher lignin content in the seed coat are less susceptible to
moisture damage due to the lower permeability of the seed
coat. However, it is not possible to say that this is the only
cause, since the seeds of the cultivars used in the study were
not characterized as to the lignin content in the seed coat.

Chemical treatment had eff ect on the electrical
conductivity of the seeds of all cultivars, except NS 7007

IPRO. Treated seeds showed higher quality than untreated
seeds. We can assume that the active ingredients used in
the treatment of soybean seeds favored the integrity of
the cell membranes or formed a barrier that reduced the
exudation of ions, sugars and metabolites from the seeds
in the electrical conductivity test, although there are no
reports of this event in the literature.

The loss of cell contents during the germination
process is related to the deterioration and reduction
of the physiological quality of the seeds (Marcos-Filho, 2015).
However, this effect may be dependent on the
characteristics of the seeds of the species to be treated,
as Vazquez, Cardoso and Peres (2014) did not observe
this result in a similar study carried out with corn seeds.

Experiment II

The four cultivars were signifi cantly aff ected by
the interaction between the factors water availability
and seed treatment in terms of emergence percentage
(Table 2). Seedling emergence was higher among seeds
subjected to water availability of -0.01 and -0.02 MPa, and
emergence began to decrease from -0.02 MPa in treated
seeds of the cultivars NS 7007 IPRO and 8473RSF RR.
From the substrate water potential of -0.10 MPa, there was
a marked reduction in the emergence percentage up to the
potential of -0.40 MPa, when seedling emergence ceased.

Under water availability of -0.01 MPa, there was no
diff erence between treated and untreated seeds for emergence
percentage. Under the potential of -0.02 MPa, there was
diff erence only for the cultivar 8473RSF RR and, under this
condition, treated seeds showed superior performance. On the
other hand, under the water potential of -0.10 MPa, a condition
of lower water availability under which there was emergence,
treated seeds showed higher emergence percentage than

Table 1 - Electrical conductivity (μs.cm-1. g-1) of seeds of soybean cultivars as a function of diff erent seed water contents

** and *, Signifi cant at 1% and 5% probability levels, respectively. Means followed by the same lowercase letter in the column do not diff er from each
other by Tukey test at 5% probability level

Water Content (%)/Treatment
Cultivar

8579RSF IPRO NS 7007 IPRO 8473RSF RR 74I77RSF IPRO
8 85.941 b 75.401 b 110.260 b 109.333 b
11 75.781 b 79.586 b 75.252 a 69.492 a
14 61.773 a 56.151 a 74.201 a 77.202 a
F 15.02** 16.75** 24.17** 60.10**
C.V. (%) 8.40 8.67 9.62 6.38
Treated 73.888 a 79.587 75.253 a 69.592 a
Untreated 82.238 b 74.699 82.124 b 94.619 b
F 6.52* 1.25ns 12.75* 11.81*
C.V. (%) 5.92 7.99 3.46 12.59
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the untreated seeds of all cultivars, indicating that there are
genetic diff erences in soybean regarding stress tolerance, as
verifi ed in the growth of transgenic and non-transgenic plants
(Gonçalves et al., 2019).

Treated seeds under conditions of lower water
availability indicate that the chemical treatment of
soybean seeds could be a mitigating factor for reduction
of emergence and yield in situations of stress (Balardin
et al., 2011; Conceição et al., 2014).

Emergence speed, evaluated by the emergence
speed index and mean time of emergence (Table 3),
was infl uenced only by the substrate water availability.
Higher values of speed, by the variables mentioned, were
obtained at the highest levels of water availability, -0.01

Table 2 - Seedling emergence (%) of soybean cultivars as a function of seed treatment and soil water levels

Cultivar Seed treatment
Water availability (MPa)

F CV (%)
-0.01 -0.02 -0.1 -0.4

8579RSF IPRO
Treated 93 aA 86 aA 25 aB 0 a C

3.71* 12.27
Untreated 90 aA 91 aA 9 bB 0 a C

NS 7007 IPRO
Treated 94 aA 85 aB 21 aC 0 a D

3.79* 9.42
Untreated 92 aA 87 aA 9 bB 0 a B

8473RSF RR
Treated 90 aA 82 aB 16 aC 0 a D

6.61** 10.71
Untreated 89 aA 67 bA 8 b B 0 a C

74I77RSF IPRO
Treated 86 aA 79 aA 64 aB 0 a C

26.35** 8.27
Untreated 84 aA 83 aA 33 bB 0 a C

** and *, Signifi cant at 1% and 5% probability levels, respectively. For each cultivar, means followed by the same letter, lowercase in the column and
uppercase in the row, do not diff er from each other by Tukey test at 5% probability level

and -0.02 MPa. For the 8473RSF RR variety, a reduction
in emergence speed was observed from -0.02 MPa.

In all cultivars, the worst results of seed performance
were obtained under water availability of -0.40MPa, at which
there was no seedling emergence, followed by -0.10 MPa.
These results were similar to those obtained for emergence
percentage (Table 2), but with no eff ect of seed treatment.

In the multivariate analysis (Table 4), two
principal components were necessary to accumulate a
variance of 98.35%, with 66.44% and 31.91% of the
first and second components, respectively. In order to
be considered relevant, the accumulated variance must
be at least 70% (Rencher; Christensen, 2012). The one
found in the present experiment can be considered

Variable Cultivar
Water availability (MPa)

F C.V.(%)
-0.01 -0.02 -0.10 -0.40

ESI

8579RSF IPRO 8.06 A 7.55 A 0.69 B 0.00 C 827.27** 10.42
NS 7007 IPRO 7.73 A 7.07 A 0.84 B 0.00 C 562.25** 12.36
8473RSF RR 8.06 A 4.82 B 0.57 C 0.00 C 299.92** 18.45

74I77RSF IPRO 5.54 A 5.26 A 1.31 B 0.00 C 105.45** 25.39

MTE

8579RSF IPRO 5.90 A 6.08 A 9.96 B 0.00 C 576.64** 8.85
NS 7007 IPRO 6.21 A 6.28 A 8.96 B 0.00 C 470.92** 9.22
8473RSF RR 5.59 A 8.08 B 14.05 C 0.00 D 1033.51** 7.36

74I77RSF IPRO 7.88 A 7.82 A 13.02 B 0.00 C 226.74 14.05

Table 3 - Emergence speed index (ESI) and mean time of emergence (MTE) of seedlings of soybean cultivars as a function of seed
treatment and soil water levels

** and *, Signifi cant at 1% and 5% probability levels, respectively. For each cultivar, means followed by the same uppercase letter in the row do not
diff er from each other by Tukey test at 5% probability level
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high for seeds of major crops. Coelho et al. (2021) and
Machado et al. (2023), evaluating safflower, soybean,
and corn seeds, obtained variances of 73.98, 60.30 and
64.80%, respectively.

Regarding the discriminatory power of the
variables in each component, i.e., how much and which
variables effectively contribute to each component,
correlations above 0.60 were considered (Cruz et al.,
2020; Machado et al., 2023). Therefore, it can be seen
that only the speed index was not correlated with the
first component. However, this variable, together with
seedling emergence, has greater discriminatory power
for the second component.

In the distribution of treatments in the biplot
graph (Figure 1), three groups were formed. Group 1
comprise seeds of the four cultivars subjected or not to
treatment and water availability levels of -0.01 and -0.02 MPa,
presenting higher percentage and speed of emergence,
i.e., a greater amount of seedlings in a shorter time in
the formation of the initial stand.

Seeds with and without treatment of the four
cultivars subjected to water availability of -0.10 MPa
formed group 2, which was characterized by a lower
emergence speed, with higher values of mean, initial
and fi nal times of seedling emergence. There was also a
diff erentiation between the cultivars 8473RSF RR and

Table 4 - Correlation matrix and eigenvectors of the principal components (PC) for the tests of seedling emergence, emergence speed index and
mean, initial and fi nal times of emergence of seedlings from lots of soybean cultivars as a function of seed treatment or not and soil water levels

Variables Principal component 1 Principal component 2
Seedling emergence 0.69 0.71
Emergence speed index 0.57 0.81
Mean time of seedling emergence 0.89 -0.44
Initial time of seedling emergence 0.87 -0.47
Final time of seedling emergence 0.97 -0.15
Eigenvalues 3.32 1.6
Accumulated variance (%) 66.44 31.91
Total variance (%) 98.35

Figure  1 - Scattering of eigenvectors along a circular plane and formation of groups obtained by principal component analysis
according to seedling emergence (E), emergence speed index (ESI) and mean (MTE), initial (ITE) and fi nal (FTE) times of emergence
of seedlings from lots of soybean cultivars (C1: 8579RSF IPRO, C2: NS 7007 IPRO, C3: 8473RSF RR and C4: 74I77RSF IPRO) as a
function of the treatment (Treat) or not (Ntreat) of seeds and soil water levels (P-0.01; P-0.02; P-0.10 and P-0.40 MPa)
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74I77RSF IPRO, identifi ed as C3 and C4 in the graph. As
the distance from these cultivars increases, in the vertical
direction, seedling emergence time becomes longer when
comparing 8579RSF IPRO and NS 7007 IPRO.

However, at the potential of -0.40 MPa, seedling
emergence and formation were not observed for any
of the cultivars. This is corroborated by the fact that
their points are superimposed on the graph, in red, in
the quadrant opposite to emergence and the seedling
emergence speed variables.

Experiment III

Seedling emergence was higher between
water availability levels of -0.01 and -0.02 MPa for
all cultivars evaluated, with maximums of up to 96% and
reduction in the percentage of seedlings as water
availability decreased (Table 5).

The cultivar 8473RSF RR showed a drastic
reduction in emergence percentage with the decrease in
substrate water potential, and values of 44 to 67% were
found from -0.02 MPa, with a reduction of up to 45% when
compared to the potential of -0.01 MPa, the condition
of full water availability.

For the four cultivars, it was observed that, at
higher water potential in the substrate (-0.01 MPa), the
initial water content of the seeds does not infl uence
emergence (Table 2). Under conditions of high water
availability in the substrate, soybean seeds with low water
content did not suff er damage due to imbibition, even with
a higher degree of cell membrane disorganization (Table 1).
Low levels of water availability in the substrate are more
harmful to germination and emergence than the initial
water content of the seeds (Rosseto et al., 1997).

With the reduction of soil moisture, the water content
must be between 11 and 14% for the seed lots to express
their maximum physiological potential (Table 5). This care in
paying attention to the water content can be incorporated
into laboratories that perform quality analyses in the open
bed, or even in soybean production fi eld facilities. In the
cultivars NS 7007 IPRO and 8579RSF IPRO, there was
no signifi cant diff erence between the seed water contents
at -0.02 and -0.10 MPa, respectively.

From the water potential of -0.10 MPa, there was
a reduction in the physiological potential of the seeds,
with a maximum emergence of 40%, an extremely low
value for commercial plantations. Thus, the importance of
sowing with adequate soil water availability is clear.

At the water potential of -0.40 MPa, there was no
seedling emergence, since the water available in the soil
was not suffi  cient to start the process of seed germination
and subsequently seedling emergence.

Emergence speed index (ESI) was reduced by
soil water availability from -0.02 MPa, except for the
variety 74I77RSF IPRO, which showed a reduction in
ESI from water potential of -0.10 MPa, corroborating
the results of seedling emergence.

Under the condition of higher water availability in the
substrate (-0.01 MPa), it was observed that the seedlings of
the cultivars NS 7007 IPRO and 8473RSF RR emerged in a
shorter time, around 6 days, with water contents of 11 to 14%.

The other cultivars did not show signifi cant
diff erence under this condition of water availability. A
similar behavior was observed at -0.02 and -0.10 MPa,
except for seeds of the cultivar 8579RSF IPRO, which
showed higher seedling emergence speed in substrate with
water availability of -0.10 MPa and seed water content of 8%.

The higher water availability in the substrate
(-0.01 MPa) allowed faster emergence for the cultivars
evaluated with the diff erent seed water contents, ranging
between 6 and 7 days for emergence. No signifi cant diff erence
was observed between the water contents of the seeds of the
cultivar 8579RSF IPRO at all levels of water availability
tested, with means of 6 days for emergence at the water
availability levels of -0.01 and -0.02 MPa and 10 days at the
water availability level of -0.10 MPa.

The difference in the behavior between the
seeds of the different cultivars under the same water
availability in the physiological quality tests may have
been caused by differences in their lignin content.
Seeds with high lignin content have greater difficulty
in water absorption and are more prone to ion leaching
(Oliveira et al., 2014), which probably resulted in the
distinct behavior between the seeds of the cultivars
under different levels of water availability and initial
water contents. Botelho et al. (2019) found that cultivars
with lower lignin contents have higher seed vigor.

Under the water availability levels of -0.02
and -0.10 MPa, faster emergence was observed for
seeds with water content between 11 and 14%, except
for 8473RSF RR, whose emergence occurred faster
when using seeds with 8% water content under water
potential of -0.10 MPa. Seeds with higher initial water
content are able to complete the imbibition process to
start germination faster than seeds with lower initial
water content, since they are closer to the water
content necessary for primary root protrusion, which is
between 50 and 55% (Marcos Filho et al., 2015).

The highest fresh mass accumulation by seedlings
occurred in soil with water availability of -0.01 and -0.02
MPa (Table 6). This data corroborates the other results
of physiological quality of the seeds (Table 5), as the
decrease in water availability in the substrate caused
reduction in seedling development.
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** and *, Signifi cant at 1% and 5% probability levels, respectively. For each cultivar, means followed by the same letter, lowercase in the column and
uppercase in the row, do not diff er from each other by Tukey test at 5% probability level

Table 5 - Emergence, emergence speed index and mean time of emergence of seedlings of soybean cultivars as a function of diff erent
seed water contents and soil water levels

Cultivar Water content (%)
Water availability (MPa)

F CV (%)
-0.01 -0.02 -0.10 -0.40

Seedling emergence (%)

8579RSF IPRO
8 89 aA 83 bA 24 aB 0 aC

5.74** 8.2711 92 aA 86 abA 14 bB 0 aC
14 87 aA 90 aA 30 aB 0 aC

NS 7007 IPRO
8 88 aA 93 aA 4 b B 0 aB

11.41** 9.1511 94 aA 85 bB 26 aC 0 aD
14 96 aA 81 bB 25 aC 0 aD

8473RSF RR
8 81 aA 44 bB 17 aC 0 aD

3.05* 17.4111 90 aA 67 aB 16 aC 0 aD
14 90 aA 60 aB 28 aC 0 aD

74I77RSF IPRO
8 82 aA 83 aA 30 bB 0 aC

2.89* 5.2011 86 aA 86 aA 33 bB 0 aC
14 87 aA 86 aA 40 aB 0 aC

Emergence speed index
8579RSF IPRO 8 7.87 aA 6.73 aB 2.40 aC 0.00 aD

4.36** 12.6211 7.69 aA 7.26 aA 0.64 bB 0.00 aB
14 8.14 aA 7.41 aA 1.12 bB 0.00 aC

NS 7007 IPRO 8 7.25 bA 6.99 aA 0.71 bB 0.00 aB
3.62** 11.1611 7.80 bA 7.07 aA 0.92 abB 0.00 aC

14 8.63 aA 6.66 aB 1.71 aC 0.00 aD
8473RSF RR 8 6.99 bA 3.12 bB 0.82 aC 0.00 aD

4.02** 13.9111 7.98 aA 4.41 aB 0.64 aC 0.00 aC
14 8.36 aA 3.79 abB 0.98 aC 0.00 aD

74I77RSF IPRO 8 5.77 aA 5.17 bA 1.64 bB 0.00 aC
2.89* 11.6411 5.84 aA 5.41 bA 2.82 aB 0.00 aC

14 5.92 aA 6.20 aA 1.17 bB 0.00 aC
Mean time of emergence (days)

NS 7007 IPRO
8 6 aA 7 aB 10 bC 0 aD

5.66** 9.2011 6 aA 6 aA 9 bC 0 aD
14 6 aA 6 aB 7 aC 0 aD

8473RSF RR
8 6 aA 10 bB 13 aC 0 aD

3.77** 8.7811 6 aA 8 aB 14 bC 0 aD
14 6 aA 9 bB 14 bC 0 aD

74I77RSF IPRO
8 7 aA 9 bB 13 bC 0 aD

8.67** 7.7711 7 aA 8 abA 11 aB 0 aC
14 7 aA 7 aA 14 bB 0 aC

8579RSF IPRO - 6 A 6 A 10 B 0 C 529.00** 11.19
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The initial water content of the seeds did not
always influence the vigor, because the fresh and dry
mass accumulation of the seedlings was influenced by
cultivar and soil water availability (Table 6). It is worth
pointing out that there was no seedling emergence at
the tension of -0.4 MPa.

Regarding fresh mass accumulation depending
on water availability, similar results were observed for
the diff erent water contents of the seeds. In soil with
high water availability (-0.01 MPa), all cultivars showed
similar values of fresh mass, except 8473 RSFRR.

In soil with water availability of -0.02 MPa, the seeds
of half of the cultivars (8473 RSFRR and 8579 RSFIPRO)

Table 6 - Fresh and dry mass of seedlings of soybean cultivars as a function of diff erent seed water contents and soil water levels

** and *, Signifi cant at 1% and 5% probability levels, respectively. For each cultivar, means followed by the same letter, lowercase in the column and
uppercase in the row, do not diff er from each other by Tukey test at 5% probability level

Cultivar Water content (%)
Water availability (MPa)

F CV (%)
-0.01 -0.02 -0.1 -0.4

Fresh mass of seedlings (g)

8579RSF IPRO
8 2.292 a A 1.812 b B 1.322 b C 0.000 a D

1.11** 9.5411 2.282 a A 2.377 a A 0.962 c B 0.000 a C
14 2.297 a A 2.155 a A 1.582 a B 0.000 a C

NS 7007 IPRO
8 1.992 a A 2.072 a A 0.992 b B 0.000 a C

2.70* 15.5111 1.947 a A 2.030 a A 0.995 b B 0.000 a C
14 2.067 a A 1.875 a A 1.487 a B 0.000 a C

8473RSF RR
8 1.785 b A 1.561 b B 0.956 a C 0.000 a D

2.52* 7.6411 1.875 ab A 1.697 ab B 0.849 a C 0.000 a D
14 1.967 a A 1.785 a B 0.959 a C 0.000 a D

74I77RSF IPRO
8 1.596 a A 1.501 a A 1.050 b B 0.000 a C

9.37** 8.2011 1.531 a A 1.535 a A 1.336 a B 0.000 a C
14 1.599 a A 1.542 a A 0.876 c B 0.000 a C

Dry mass of seedlings (g)

8579RSF IPRO
8 0.620 a A 0.390 b B 0.450 b AB 0.000 a C

9.75** 23.4611 0.502 ab A 0.665 a A 0.317 b B 0.000 a C
14 0.390 b B 0.635 a A 0.642 a A 0.000 a C

NS 7007 IPRO
8 0.307 a A 0.382 b A 0.310 b A 0.000 a B

9.37** 17.6311 0.270 a B 0.470 a A 0.380 b A 0.000 a C
14 0.302 a B 0.355 b B 0.552 a A 0.000 a C

8473RSF RR
8 0.496 a A 0.406 b A 0.260 a B 0.000 a C

4.49** 16.3011 0.389 b B 0.481 ab A 0.285 a C 0.000 a D
14 0.411 b B 0.545 a A 0.271 a C 0.000 a D

74I77RSF IPRO
8 0.312 b AB 0.380 a A 0.292 a B 0.000 a C

2.62* 6.3811 0.313 b A 0.358 a A 0.333 a A 0.000 a B
14 0.394 a A 0.369 a A 0.290 a B 0.000 a C

produced seedlings with a higher fresh mass if sown
with higher initial water content. At more negative
water tensions (-0.1 MPa), the response of seeds in
the production of seedling fresh mass became more
variable, not allowing the observation of a behavior
related to the cultivar or initial water content.

This phenomenon may be related to genetic
diff erences for tolerance to soil water stress because, in this
case, the cotyledon reserve needed to be directed for root
expansion, favoring adaptation to water stress conditions.
Souza and Castro (2021) studied responses of the soybean
cultivar AMS Tibagi to water stress and the link between
the physiological and anatomical level during vegetative
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growth at diff erent moisture levels. The authors observed
that thinner roots were formed in response to drought, and
severe drought induced larger xylem diameter in the roots.

For the dry mass accumulation of the seedlings,
it was not possible to verify a pattern of behavior of the
seeds with different initial water contents in response
to soil water availability.

In the evaluation of the univariate variables
(Tables 5 and 6) for the principal component analysis
of the treatments (Table 7), two principal components
were required to accumulate a variance of 94.85%,
with 74.76% and 20.09% for the first and second
components, respectively.

Figure 2 - Scattering of eigenvectors along a circular plane and formation of groups obtained by principal component analysis according
to seedling emergence, emergence speed index, mean time of emergence, shoot fresh mass and total dry mass of seedlings from lots of
soybean cultivars (C1: 8579RSF IPRO, C2: NS 7007 IPRO, C3: 8473RSF RR and C4: 74I77RSF IPRO) as a function of diff erent seed
water contents (WC8, WC11 and WC14%) and soil water levels (P-0.01; P-0.02; P-0.10 and P-0.40 MPa)

Table 7 - Correlation matrix and eigenvectors of the principal components for the tests of seedling emergence, emergence speed index,
mean time of emergence, shoot fresh mass and total dry mass of seedlings from lots of soybean cultivars as a function of diff erent seed
water contents and soil water levels

Variables Principal component 1 Principal component 2
Seedling emergence 0.93 -0.32
Emergence speed index 0.89 -0.43
Mean time of seedling emergence 0.58 0.77
Shoot fresh mass 0.99 0.05
Total fresh mass 0.88 0.33
Eigenvalues 3.74 1
Accumulated variance (%) 74.76 20.09
Total variance (%) 94.85

Accumulated variance greater than 90% is above
the minimum required by Rencher and Christensen (2012),
which is 70%, and those obtained by Coelho et al. (2021)
and Machado et al. (2023), of 73.98, 60.30 and 64.80% for
saffl  ower, soybean and corn seeds, respectively. For the
correlation and discriminatory power of the variables in
each component, values equal to or greater than 0.60 were
considered (Cruz et al., 2020). In the fi rst component,
only the mean time of seedling emergence did not show
correlation; however, for the second component the same
variable had discriminatory power.

The biplot graph (Figure 2) showed the formation
of three groups. Group 1 comprised seeds with water
contents of 8, 11 and 14% of the four cultivars subjected
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to water availability of -0.01 and -0.02 MPa, except for
seeds with 8% water content of the cultivar 8473RSF RR
at -0.02 MPa. This group was characterized by the highest
values of percentage and speed of seedling emergence,
as well as dry mass accumulation. Therefore, water
availability in the environment and the amount of water
promoted greater emergence and formation of seedlings.

At -0.10 MPa in the soil, group 2 was formed,
containing the four cultivars and the three water contents, as
well as seeds with 8% water content of the cultivar 8473RSF
RR at -0.02 MPa. As already observed in the previous
experiment, the main characteristic of this group was a
lower emergence speed, with higher values of mean time of
seedling emergence. As in the previous experiment, there was
no seedling emergence and formation for seeds of the four
cultivars when subjected to soil water potential of -0.40 MPa.

CONCLUSIONS

1. Soybean seeds with 14% water content and treated with
metalaxyl-m, fl udioxonil and thiamethoxam show better
membrane maintenance;

2. There is no restriction for sowing soybean seeds with
water content between 8 and 14% when the soil is under
water potential of -0.01 MPa;

3. Under conditions of soil water restriction, it is
recommended to use seeds with water content
between 11 and 14%;

4. Under conditions of water defi cit, soybean seeds treated
with metalaxyl-m, fl udioxonil and thiamethoxam show
better performance in seedling emergence.
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