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ABSTRACT. Water deficit is the main reason for instability in the
context of soybean culture. The development of strategies for the
selection of more tolerant genotypes is necessary. These strategies
include the use of polyethylene glycol 6000 solutions (PEG-6000) for
conducting the germination test under conditions of water restriction.
Thus, the objective of this study was to determine the osmotic potential
and the main characteristics that promote the discrimination of soybean
genotypes with regard to water stress tolerance during germination and
the vigor test. Thirteen soybean cultivars were used. The seeds were
allowed to germinate on sheets of germitest paper moistened in solution
with PEG-6000, simulating different levels of water availability, which
is expressed as osmotic potential (0.0, -0.2, -0.4, and -0.6 MPa). We
assessed germination, length, and dry mass for seedlings and seeds,
as well as reserve dynamics. Germination and variables related to the
dynamics of reservation have great influence on the expression of
variability in environments under stress. Among the different osmotic
potentials, the -0.2 MPa was the most efficient for the expression of
genetic variability among the cultivars. Conducting the germination
test with PEG-6000 solution to -0.2 MPa was efficient for selecting
soybean cultivars tolerant to water stress. This was accomplished by
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evaluating the percentage of germination, along with variables related
to the dynamics of reservation.

Key words: Glycine max (L.) Merrill; Genetic breeding; Stress level;
Polyethylene glycol (PEG-6000); Drought tolerance

INTRODUCTION

While the effects of water stress following the establishment of cultures have been
widely studied and elucidated, the survival of plants under drought during the establishment of
culture has rarely been considered. The initial establishment of seedlings is obviously the first
step to succeeding in the production of diverse cultures, primarily in water-deficit conditions,
in which potential differences between the survival rates of plants under these conditions may
result in better training of booth, ensuring greater stability (Marrou et al., 2015).

The establishment of the culture of soybean is directly related to the vigor of seed
(Henning et al., 2010). Vigor is a set of properties that contribute to indicate the quality of the
seed; these properties related to its potential for germination, seedling emergence, and storage
capacity under different environmental conditions are considered standard (Sun et al., 2007).

The initial vigor of plants can be measured through the evaluation of hypocotyl, root,
and seedling characteristics, as the length (HL and RL) and dry mass (Vanzolini et al., 2007),
as well as through the analysis of seed reserves (Henning et al., 2010). It is important to note
that these features when present genetic variability can be considered in breeding programs
(Pereira et al., 2015) and a strategy on the selection of superior genotypes.

For studies of selection of soybean genotypes tolerant to water deficit involving
germination and vigor tests, several authors have observed the effectiveness of these tests in
conditions of low osmotic potential simulated with polyethylene glycol (PEG), applying from
the use in studies of genetic diversity, differentiation and grouping of soybean genotypes most
tolerant to water stress (Teixeira et al., 2008a,b); as well as to the relationship of genotype
response during this test with its performance on the field, and subsequently with productivity
(Kosturkova et al., 2008).

However, there is no consensus that the differences regarding the response to water
deficit in the germination stage of cultivars are entirely consistent with the response to water
deficit by evaluating data of productivity (Mederski and Jeffers, 1973; Oya et al., 2004). This
is perhaps because there is not yet a standardized methodology for the simulation of water
deficit and the level of stress that the seed must be submitted during the germination test for
discrimination of tolerant or susceptible genotypes, and the identification of important features
to be assessed that would lead to such discrimination.

The objective of this study was to determine the osmotic potential and the main
characteristics to be evaluated that promote discrimination of soybean genotypes as tolerance
to water stress during germination and vigor.

MATERIAL AND METHODS

The test was conducted in the Oilseed Breeding Laboratory, Plant Science Department
of Universidade Federal de Vigosa (UFV), Minas Gerais, Brazil. Thirteen soybean cultivars
were used: UFV 16, UFVS 2001, UFVS 2002, UFVS 2003, UFVS 2004, UFVS 2008, UFVS

Genetics and Molecular Research 16 (2): gmr16029654



Method in plant breeding to drought 3

2009, UFVS Quartzo, UFVS Turquesa, UFVS Berilo, UFVS Opala, TMG 1179 RR, and MG/
BR Conquista. The seeds used in this study were produced under field conditions in 2014/2015
in experimental field of UFV, and, immediately after harvesting, drying at room temperature,
and cleaning, the seeds were standardized as to size in mm sieve, and then was carried out the
test, thus ensuring that all tests were conducted with freshly harvested seeds, as recommended
by Soltani et al. (2006). The seeds were subjected to the following tests and measurements.

Determination of the moisture and dry mass of seeds

To determine seed water content, three replications of 50 seeds were weighted (W1)
and taken to air circulation oven at 105°C for 24 h, and then reweighed (W2) on analytical
scales. The seed dry mass (SDM) was calculated as [(W1 - W2) / W2)]. For the purpose of
this study, the SDM was considered as the total reserves of the seed available to be mobilized
to seedlings.

Germination

The germination test was conducted with four replications of 50 seeds, distributed on
two sheets of germitest paper moistened with solutions in different stress levels, expressed as
osmotic potential: 0.0, -0.2, 0.4, and 0.6 MPa. Each stress level has been obtained by adding
PEG-6000 to distilled water at a temperature of 25°C, in accordance with the recommendation
of Villela et al. (1991). The roles were moistened with their respective solutions at a rate of
three times their dry weight. After the distribution of the seeds on two sheets of germitest
paper, these were covered with a sheet of germitest paper and made the rolls, which were
brought to germination at the regulated temperature of 25°C, with a 12-h light/12-h dark as
stated in rules for seed analysis (Brasil, 2009).

The counts of the number of normal seedlings were conducted at five (first count of
germination - FC) and 7 days (germination - GR) after sowing. The results are reported as
percentage.

Seedling growth and reservation dynamics

Seedling growth test was performed with four repetitions of 10 seeds each, distributed
longitudinally on the upper third of the germitest paper with their micropil parts directed to the
base of the paper. Seven days after sowing, the rootlets and the hypocotyls of normal seedlings
were measured with a ruler. The results are reported in cm.

Then, the radicle, the hypocotyl, and the cotyledons were separated and placed to
dry at 80° + 1°C for 24 h. After this period, the plant material was weighed on analytical
scales, separately, for evaluation of radicle dry mass (RDM), hypocotyl dry mass (HDM), and
cotyledon dry mass (CDM).

Due to the need for standardization with the SDM data, which is an average of 50
seeds put out to dry, the values obtained individually from dry mass for each plant tissue,
described earlier, were added and multiplied by 50, which yielded an approximate value of
total dry mass estimated for 50 plants (PDM) at 100% germination (Soltani et al., 2002, 2006;
Pereira et al., 2015).

From the remaining CDM and the SDM it was possible to obtain the value of the
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reduction of seed reserves (RSR) for estimator: RSR = SDM - CDM. Following the same
reasoning and based on the values of PDM, the efficiency of conversion of reserves (ECR)
was determined, which corresponded to the SDM conversion in seedling dry mass, using
the estimator: ECR = PDM / RSR. And finally, it was determined the rate of RSR (RRSR),
obtained by the estimator: RRSR = RSR / SDM, which allows to identify the cultivar that
mobilized the greater SDM for the establishment of seedlings (Soltani et al., 2006).

Statistical analyses

Statistical analysis of the data was divided into five stages: the first stage was a
multivariate analysis of the Mahalanobis distance among four stress environments, considering
all the genotypes as a single source of variation, including cluster analysis based on the link
between averages (UPGMA); in the second stage, analysis of variance was performed to study
the interaction genotype x stress levels; the third stage was to determine the osmotic potential
great for discrimination of varieties as the stress level; the fourth stage was to identify the
features that contribute most to the cultivar discrimination osmotic potential great; and the
fifth was a simple correlation analysis between the characteristics in the potential of -0.2 MPa.

For the third step, the data were organized so that stress levels were considered as
variables. The analysis of relative contribution to genetic diversity was conducted using the
methodology of Singh (1981) within each variable and all simultaneously.

All analyses were performed using the Genes program (Cruz, 2013).

RESULTS AND DISCUSSION

The levels of simulated stress achieved with PEG-6000 showed divergence (0.0
MPa), when compared in terms of Mahalanobis distance. Between the stress conditions, the
environment conditioning by potential -0.2 MPa proved to be distinct from the other; however,
no significant difference were observed between the potential -0.4 and -0.6 MPa, indicating
that these stress levels cause the same effects in similar magnitudes on the seeds (Figure 1).

-0.6 MPa

-0.4 MPa

-0.2 MPa

0.0 MPa

0 10 20 30 40 50 60 70 80 90 100
0 10.8 21.61 32.42 43.23 54.04 64.85 75.66 86.46 97.27 108.08

Figure 1. Cluster analysis based on connection between groups (UPGMA) for four potential osmotic conditions on
13 genotypes and 10 variables.

There was statistical significance for interaction genotype x stress levels for the F-test
at 5% probability for all traits evaluated, demonstrating that the cultivars respond differently
at each stress level. Analyzing the unfolding of the interaction, it was found the expression
of genetic variability among genotypes to be explored within each level of stress (results
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not shown), being the need for identification of osmotic potential great for discrimination of
cultivars in tolerant and susceptible.

The stress level 0.0 MPa (control) had a major influence on the genetic variability
for all analyzed variables influencing 37% of general diversity (Table 1). The high variability
within the 0.0 MPa stress due to the natural genetic diversity exists between cultivars for
characteristics related to seed vigor, a fact noted as much on culture of soybean (Santos et al.,
2012; Pereira et al., 2015), as well as in other cultures, such as rice (Yu et al., 1999), wheat
(Soltani et al., 2001), and corn (Sun et al., 2001).

Table 1. Relative importance of levels of stress (osmotic potential) induced by PEG-6000 for the genetic
diversity of 13 characteristics of soybean genotypes.

Level of stress (MPa) FC GR RDM HDM CDM RL HL RSR ECR RRSR All variables
0.0 82% 19% 53% 45% 45% 28% 21% 49% 12% 54% 37%
-0.2 18% 15% 33% 20% 29% 47% 16% 32% 31% 29% 43%
-0.4 0% 24% 8% 10% 19% 18% 36% 18% 9% 16% 14%
-0.6 0% 42% 6% 25% 7% 7% 28% 1% 48% 1% 6%

FC - first count; GR - germination; RDM, HDM, and CDM - dry mass of root, hypocotyl, and cotyledons; RL
and HL - root and hypocotyl length; RSR - reduction of seed reserves; ECR - efficiency of conversion of reserves;
RRSR - reduction rate of seed reserves.

Among the four osmotic potentials tested, 0.2 MPa allowed for the greatest expression
of genetic variability among the genotypes studied (43%) (Table 1).

When considered in isolation each feature within the four levels of stress, one can
realize that of the ten that were evaluated, the stress of -0.2 MPa was responsible for the largest
variation in six (FC, RDM, CDM, RL, RSR, and RRSR), while the stresses -0.4 and -0.6
MPa contributed equally to two variables each (Table 1). In this way, the stress of -0.2 MPa
stands out as being the most suitable as a potential stress level for discrimination of genotypes
tolerant and susceptible to drought imposed during the germination process.

Rossetto et al. (1997) reported that the percentage of germination of soybean seed
lots is reduced when water is retained in the substrate at tensions of approximately -0.2 MPa,
which is the most influential potential with respect to genetic diversity. Soltani et al. (2006)
observed in a study with wheat that there was an interaction between genotype x level of
osmotic potential applied during germination, and showed that significant differences among
genotypes were clearer in stress levels smaller than -1.5 MPa, much larger than the potential
evaluated in the present study; however, in different species.

The vigor of seed can be affected by many factors and can be expressed by germination,
root, and shoot length, fresh and dry mass of seedlings, germination test in cold or high
temperature condition, reserve dynamics and others, as shown in Table 1. The aforementioned
characteristics are controlled by multiple genes, being of quantitative nature (Dickson, 1980),
affected by environmental factors during seed maturation, harvest and storage, which makes
genetic analysis of seed vigor too hard (Sun et al., 2007).

An alternative when trying to analyze so many variables and optimize the efficiency of
selection in genetic studies is selecting features with greater influence, especially in situations
requiring the evaluation of many genotypes. For this, we used an analysis of importance of
characters in different stress levels (Figure 2).

As much as the level of stress increased, characteristics related to dynamic reserves
also increased influencing the diversity. In all stress conditions (Figure 2B, C, and D), among
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Figure 2. Relative importance of various characteristics to the genetic diversity of 13 soybean genotypes at four
levels of stress (osmotic potentials) induced by PEG-6000 during germination. FC - first count; GR - germination;
RDM, HDM, and CDM - dry mass of root, hypocotyl, and cotyledons; RL and HL - root and hypocotyl length; RSR
- reduction of seed reserves; ECR - efficiency of conversion of reserves; RRSR -reduction rate of seed reserves.

the three characteristics that had the most influence on the genetic diversity, at least two in
each stress level were related with dynamics of reserves and with RRS emphasis, which was
always the second most important feature. This demonstrates the importance of using these
variables to distinguish the most tolerant and the most sensitive genotype.

The first count and germination are highly important under all environmental
conditions. However, as they increase, the stress levels at the first count lose influence on
the germination and other remaining characteristics, which delay the germination of seeds.
Moreover, not always the seed germination ensures the establishment of the plant, if it does not
have sufficient reserves to appropriate initial seedling growth. For this reason, the properties
related to the dynamics of reserves emerge as potential features for selection of genotypes
tolerant to stress conditions.

The RSR, or remaining dry mass in cotyledons, is indicative of how much the initial
reserve present in cotyledon was relocated during the stage of seed germination, i.e., the
higher the RSR more energy is available to the process of germination. Features of use of
seed reserves, like RSR, play important roles in seed vigor, implementing its germination and
heterotrophic growth (Cheng et al., 2013).

Seed germination is followed by the mobilization of cotyledon reserves, providing
essential energy to feed seedling growth until the seedling becomes photoautotrophic. Because
of the significance of this process during and after germination, the mobilization of reserves
during germination has been widely studied (Pritchard et al., 2002).

There are disagreements about the amount of energy available to seeds and its
effective use (ECR), that is, processing as dry matter (Pereira et al., 2015). These variables
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are greatly influenced by seed size and initial mass (Soltani et al., 2006). Therefore, a simple
linear correlation analysis was performed between these assessed characteristics in soybean
genotypes subjected to a stress level of -0.2 MPa (Table 2), which is the level of stress that
provided the greatest expression of genetic variability.

Table 2. Estimated phenotypic correlation coefficients for various characteristics based on the averages of the
evaluated cultivars under water stress level of -0.2 MPa.

FC GR RDM HDM CDM RL HL RSR ECR RRSR SDM
FC - 0.20 0.61* -0.09 0.15 0.42 -0.02 -0.08 -0.03 -0.10 0.09
GR - - 0.44 -0.05 0.40 0.42 0.29 -0.42 0.28 -0.44 0.06
RDM - - - 0.48 -0.14 0.87** 0.38 0.27 -0.25 0.24 0.19
HDM - - - - -0.44 0.49 0.55* 0.64* -0.54 0.63* 0.31
CDM - - - - - -0.20 -0.10 -0.74%** 0.81* -0.87** 0.31
RL - - - - - - 0.50 0.29 -0.42 0.30 0.15
HL - - - - - - - 0.37 -0.37 0.32 0.38
RSR - - - - - - - - -0.73%* 0.98** 0.40
ECR - - - - - - - - - -0.81%** 0.06
RRSR - - - - - - - - - - 0.20
SDM - - - - - - - - - - -

FC - first count; GR - germination; RDM, HDM, and CDM - dry mass of root, hypocotyl, and cotyledons; RL
and HL - root and hypocotyl length; RSR - reduction of seed reserves; ECR - efficiency of conversion of reserves;
RRSR - reduction rate of seed reserves; SDM - seed dry mass. *,** ***Significant at 5, 1 and 0.01% probability
by the #-test.

According to the results in the potential of -0.2 MPa, no correlation were found
between seed size and the characteristics related to the reservation dynamics, showing that the
initial seed size does not influence at all the vigor of the seed.

In conclusion, we observed that germination test driving under water stress, induced
by PEG-6000 and osmotic potential of -0.2 MPa is efficient for the exploitation of greater
genetic variability between soybean genotypes; and that the percentage of germination and
analysis of seed reserve dynamics are potential variables to be considered when selecting
genotypes tolerant to drought during germination.
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