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Abstract

The aim of this work was to evaluate the physiological performance and some attributes of wheat seeds
originated from plants submitted to soil flooding at different stages of development. The treatments consisted of
periods of soil flooding, absence of flooding, two floods and three floods of the soil. Each flood lasted for three
days. For the evaluation of the physiological quality, the seeds were submitted to the tests of germination and
first germination count, germination speed index, shoot and primary root length, shoot and primary root dry
matter mass, harvest index, thousand seed mass, electrical conductivity and isoenzymatic analysis. The increase
of the soil flooding period did not affect germination, while the germination speed andindex, the harvest index
and the thousand seed mass were lower in plants under the higher periods of soil flooding. The expression and
intensity of bands of acid phosphatase and peroxidase isoenzymes were differently altered by periods of flooding.
Thus, soil flooding negatively influences the physiological performance, the thousand seed mass and the harvest
index when the plants are submitted to flooding of the soil.

Keywords: abiotic stress, flooding, isoenzymes, physiological quality
1. Introduction

Wheat (Triticum aestivum L.) belonging to the Poaceac family, is considered one of the main temperate climate
crops grown during the winter. Annual national production ranges from 5 to 7 million tons of grains in the South
(Rio Grande do Sul, Santa Catarina and Parand), Southeast (Minas Gerais and Sdo Paulo) and Midwest (Mato
Grosso do Sul, Goias and Distrito Federal) regions of Brazil. In Rio Grande do Sul, in 2017, more than 776
thousand hectares of wheat were cultivated, revealing the average yield of 3.214 kg ha™ and production of 2.49
million tons of grains. The wheat chain presents itself in deficit, becoming annual necessity of Brazil, the import
superior than 3.0 million tons of grains. This situation is related to the consumption of grains, since it is
estimated at 10.3 million tons (CONAB, 2017).

Brazil has about 28 million hectares of soils subject to waterlogging, and irrigated Oryza sativa crop is
predominant in these soil conditions. Most of this area is kept in a fallow system or used for grazing, resulting in
sub utilization for production (Gomes et al., 2006). In soils with such a characteristic, the air in the porous space
is replaced by water, limiting gas exchange with the atmosphere (Sousa et al., 2010) and negatively affecting
energy metabolism to reduce ATP synthesis (Van Dongen et al., 2011), and so can modify growth (Horzani et al.,
2008; Szareski et al., 2016), the partition of assimilates (Ped6 et al., 2016) and the yield of cultivated plants
(Coelho et al., 2013).

Soil flooding promotes the activation of anaerobic metabolism and induces the production of toxic substances
such as lactate and ethanol (Fante et al., 2010). The cultivation of some agricultural species under conditions of
waterlogging or flooding of the soil can negatively influence the physiological quality of the seeds produced.
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Germination and vigor are attributes that define the physiological quality of the seeds and constitute responses of
the reactivation of metabolism during imbibition (Peske et al., 2012).

Germination is evaluated under controlled conditions and allows the determination of viability and maximum
germination potential of a seed lot, as determined under controlled environmental conditions (Peske et al., 2012;
Carvalho et al., 2016). Therefore, vigor is related to more subtle characteristics of the physiological performance
of the seeds and to the germination efficiency, which must be fast and uniform, regardless of the environmental
condition (Szareski et al., 2017). Several tests can be used to determine the physiological performance of seeds,
among them, cold test and accelerated aging, first germination count, germination speed index, seedling length
and dry matter (Kehl et al., 2016; Szareski et al., 2016). In addition, isoenzymatic expression is an important tool
for the determination of responses concerning the physiological performance of seeds (Troyjack et al., 2017;
Soares et al., 2016; Pedo et al., 2016; Aisenberg et al., 2016; Monteiro et al., 2016; Dubal et al., 2016).

In view of the above, the present work had as objective to evaluate the physiological performance and some
attributes of wheat seeds originated from plants submitted to soil flooding at different stages of development.

2. Material and Mmethods

The experiment was conducted in a chapel greenhouse, arranged in the north-south direction, located at latitude
31°48'15" S and longitude 52°24'55" W, Pelotas, Rio Grande do Sul, Brazil. The climate of this region is
temperate with well distributed rains and hot summer, being of the type Cfa by the classification of Koéppen.

The sowing of the Fundacep Bravo wheat cultivar was carried out in black polyethylene pots with a capacity of
14 L™, filled with sifted soil and collected from the A1 horizon of a Solodic Eutrophic HaplicPlanosol, belonging
to the Pelotas mapping unit (Strecket al., 2008). Fertilization and liming were performed according to previous
soil analysis and as recommended by the Soil Chemistry and Fertility Commission, RS/SC (CQFS, 2004). For
each experiment, four wheat plants per vase were maintained.

The experimental design was completely randomized, with six replicates. The treatments consisted of periods of
soil flooding, where: T1 = no flooding (soil maintained in field capacity); T2 = soil submitted to two floods, the
first being established in the vegetative phase at 45 days after emergence, during tillering and the second flood at
75 days after emergence, during booting phase; and T3 = soil submitted to three flood periods, the first being
established in the vegetative phase at 45 days after emergence during tillering, the second flooding at 75 days
after emergence during the booting phase and the third set at 116 days after the emergence during the seed filling
stage.

In order to establish the treatments, the polyethylene pots containing soil were drilled in the lower part, thus
facilitating drainage of excess water and maintenance of soil field capacity. The field capacity was determined
from the tension table methodology (Embrapa, 1997), and by the field capacity definition, it was defined the
volume of water required for the maintenance of the field capacity in the non-flooded treatment and for the
establishment of the flood for a period of three days, and a 20 mm water blade was maintained on the surface of
the soil through the fitting of a second black polyethylene vessel without perforations on the soil containing
vessels, in order to avoid gas exchange. For the drainage of the soaked soil, the second vessel was removed to
the perforated vessel and without perforations, allowing water to drain to the field capacity. The second vessel
was not fitted in the T1 treatment.

At the end of the crop cycle, the plants were harvested, the seeds were separated manually and taken to the Seed
Analysis Laboratory of the Plant Science Department of the EliseuMaciel Agronomy School, belonging to the
Federal University of Pelotas, where the stationary drying took place in an oven, as recommended by Peske et al.
(2012). Seed storage after the water content reduction process was carried out in a cold and dry chamber
according to Baudet and Villela (2012). For the analysis of the yield and the physiological quality of the seeds,
the following tests and evaluations were performed:

(a) Germination: carried out in six replicates with four subsamples of 50 seeds for each treatment. Seeding was
performed on a paper substrate, previously moistened in distilled water in the proportion of two and a half times
the mass of the paper and kept in a BOD type germinator at a temperature of 20 °C. The evaluations were carried
out eight days after sowing, according to the Rules for Seed Analysis (Brazil, 2009), and the results are
expressed as percentage of normal seedlings.

(b) First germination count: the number of normal seedlings, present at four days after sowing, at the
germination test was evaluated, and the results are expressed in percentage (Brazil, 2009).
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(c) Germination speed index (GSI): obtained from daily germinated seeds counts (minimum radicular protrusion
from 3 to 4 mm). The counts were carried out until obtaining the constant number of germinated seeds, and GSI
was obtained according to Nakagawa (1999).

(d) Germination speed: determined during the germination test, through daily germinated seed counts (minimum
radius protrusion from 3 to 4 mm). The results were expressed in days and determined according to Vieira and
Carvalho (1994).

(e) Shoot and primary root length: were determined from four subsamples of 20 seedlings for each experimental
unit. For this, the seeds were distributed disjointly in two longitudinal and parallel lines in the upper third of the
Germitest germinating paper, moistened in proportion to two times and half their dry mass. The rolls of paper
were packed in a BOD type chamber at a temperature of 20 °C. The growth data were measured eight days after
sowing with a millimeter ruler, and the total length and shoot length of ten normal seedlings were measured. The
shoot length was obtained by the distance between the insertion of the basal portion of the primary root to the
apex of the aerial part, while the length of the primary root was measured by the distance between the apical and
basal part of the primary root. The results were expressed in millimeters per seedling (mm seedling™).

() Shoot and primary root dry matter mass: were obtained gravimetrically in a forced aeration oven at 70+2 °C,
until constant mass, measured in a precision analytical balance, the results being expressed in mg seedling™.

(g) Harvest index: determined by the equation Hi = We/Wt, where We corresponds to the dry mass of spikes and
Wt is the total dry matter of the plant.

(h) Thousand seed mass: determined by counting eight replicates of 100 seed subsamples, whose mass was
measured in precision analytical balance, according to Rules for Seed Analysis (Brazil, 2009). The results were
expressed in grams.

(1) Electrical conductivity: the mass method was performed according to the general methodology proposed by
the International Seed Testing Association (ISTA), and tested in different soaking periods (3, 6 and 24 hours).
For this, 50 seeds of each experimental unit had their mass measured and then were placed separately in
polyethylene containers containing deionized water in the volume of 75 mL, being kept at a temperature of
20-25 °C. The readings were performed on the DM-32 Digimed model conductivity meter, and the results
expressed in uS cm™'g”! of seeds.

(j) Isoenzymes: seedlings obtained by the collection of ten plant units, from the germination test, were used eight
days after sowing, as indicated by the Rules for Seed Analysis (Brazil, 2009). The seedlings were macerated
separately in porcelain mortar in an ice bath. Then, 200 mg of the macerate from each sample were transferred to
microcentrifuge tubes and added with 0.2 M lithium borate solution at pH 8.3 + Tris Citrate + 0.2 M (pH 8.3) +
0.15% of 2-mercaptoethanol in the ratio 1:2 (m/v). Electrophoresis was performed on 7% polyacrylamide gels,
applying 20 pL of each sample. The staining systems used are described by Scandalios (1969) and Alfenas
(1998). The expression of esterase isoenzymes, acid phosphatase and peroxidase were determined by the vertical
polyacrylamide gel electrophoresis system (Malone et al., 2007).

The data were analyzed for normality and homoscedasticity and later submitted to the analysis of variance by the
F test. Having significance, the data were compared by the Tukey test at 5% of probability.

3. Results and Discussion

For the variable germination, no significant effect was observed as a function of the different evaluated
treatments. However, for the first germination count, it was observed that the treatments corresponding to the
absence of flooding and the three floods, Resulted in a higher percentage of normal seedlings compared to the
treatment with two floods (Table 1). The similarity between seed germination in all treatments may be related to
the similar accumulation of reserve compounds (Sairam et al., 2009). These responses may be related to the
effect of soil flooding, because this stress causes a reduction in the supply of mineral nutrients to the aerial part,
besides inducing free radical formation (Bailey-Serres & Voesenek, 2008; Colmer & Greenway, 2011), which at
high concentrations are detrimental to plant development.

The germination speed index was higher when there was no soil flooding, and did not differ between seeds
originating from plants under the action of two and three soil floods (Table 1). For the germination speed, plants
under the effect of two and three floods did not differ from each other and presented higher results than those
without soil flooding. The reduction of the germination speed index indicates a reduction in the number of
germinated seeds per day and thus less vigor of these species’ perpetuation structures. According to Sairam et al.
(2009), prolonged soil flooding leads to oxidative stress and unbalance of different metabolic pathways,
influencing the development of distinct cell structures and mechanisms in the seed maturation process. When the
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maturation process is negatively influenced, the physiological quality and expression of seed vigor tend to be
reduced.

Soil flooding is one of the major abiotic stresses responsible for reduced growth and can affect plant
development (Strauss et al., 2007). In this sense, it may affect the initial establishment of the crops, reduce the
photosynthesis and the translocation of photoassimilates (Parent et al., 2008).

The shoot length had no significant effect, whereas the primary root length was higher in wheat seedlings under
the influence of three and two soil floods, respectively (Table 1). However, the lowest primary root length was
observed in seedlings maintained at field capacity.

Table 1. First germination count (FGC), germination speed index (GSI), germination speed (GS) and primary
root length (Ry) in wheat seeds originated from plants submitted to different periods of soil flooding, Capdo do
Ledo, RS

Treatment FGC (%) GSI GS Ry (mm)

No flooding (FC™) 88.0 a* 46.83 a 1.06 b 111.65¢
Twofloods 79.0 b 4433 b 1.14a 122.88 b
Threefloods 85.0a 45.03 b 1.12a 1319 a
cv.% 360 170 150 350

Note. * Means followed by the same letter in the column do not differ by Tukey test (p < 0.05). ** FC = field
capacity.

For shoot and root dry matter, those from seedlings originated from plants exposed to three floods of the soil,
reached higher values when compared to those from plants not exposed to flooding and exposed to two floods in
the soil, which did not differ significantly (Table 2).

It is observed that the flooding of the soil did not affect the capacity of dry matter allocation in seedlings. It is
known that some plants can overcome the stress period and for this they need a recovery period (Colmer &
Greenway, 2011). As the plants were subjected to soil flooding during the vegetative period and grain filling, it is
possible that the three day flooding time was not able to provide irreversible damage to the physiological quality
of wheat seeds in terms of mass and length. However, the recovery of the plant after flooding stress is related as
the stage of development in which stress occurs and with stress intensity (Fries et al., 2007; Bailey-Serres &
Voesenek, 2008), or with sensitivity of the genotype.

Harvest index was higher for plants maintained in the absence of soil flooding, compared to plants under two and
three soil floods, which did not differ (Table 2). The thousand seed mass also presented superiority when the
wheat plants were maintained in the field capacity, followed by those exposed to two floods and three floods of
the soil, respectively.

The lower harvest index corroborates the lower thousand seed mass of plants submitted to soil flooding. The
lowest harvest index allows to observe reduced seed dry matter allocation compared to the amount incorporated
in the rest of the plants. At the same time, the lower thousand seed mass allows to observe the smaller amount of
assimilates deposited in seeds of plants under soil flooding, comparatively to those maintained in the field
capacity.

Soil flooding affects the yield of upland species, mainly due to the low availability of oxygen in the roots,
responsible for a series of metabolic alterations (Horchani et al., 2009), such as the reduction in energy
production (Horchani et al., 2009), such as the reduction in energy production (Horchani et al., 2009; Zabalza et
al., 2009). In plants under soil flooding, reductions in nutrient absorption and photosynthesis may occur (Batista
et al., 2008), decrease in leaf chlorophyll content, early leaf senescence and leaf area reduction (Parent et al.,
2008). For corn plants subjected to soil flooding, there is a reduction in grain yield (Lone & Warsi, 2009).
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Table 2. Shoot (Ws) and seedling roots (Wg) dry matter, harvest index (H;) and thousand seed mass (M;gy) of
wheat originated from plants submitted to different periods of soil flooding, Capao do Ledo, RS

Treatment Ws (mg) W (mg) H; Migo0 (8)

No flooding (FC™) 4.5 b* 6.08 b 0.44 a 36.33 a
Twofloods 4420 6.5b 0.35b 3533 b
Threefloods 498 a 7.37 a 0.34b 30.75 ¢
oV 480 530 740 140

Note. * Means followed by the same letter in the column do not differ by Tukey test (p < 0.05). ** FC = field
capacity.

The electrical conductivity of seeds originated from plants maintained in the field capacity, regardless of the
imbibition time, was higher in relation to those from exposed plants and to three floods in the soil (Table 3). The
higher electrical conductivity is indicative of a higher amount of extravasated electrolytes, of the lower capacity
of reorganization of the cell membranes system and allows to infer that the higher the electrical conductivity, the
lower the seed vigor (Araujo et al., 2011; Zimmer, 2012).

Table 3. Electric conductivity of wheat seeds from plants submitted to different periods of soil flooding, after 3;
6 and 24 h of imbibition, Capao do Ledo, RS

Conductivity (uS cm™ g

Treatment
3h 6h 24 h
No flooding (FC™) 24.90 a* 26.13 a 38.35a
Twofloods 18.12b 19.16 b 30.05b
Threefloods 15.64 b 17.01 b 28.16 b
o<V 07 w06 104

Note. * Means followed by the same letter in the column do not differ by Tukey test (p < 0.05). ** FC = field
capacity.

As observed, the thousand seed mass was higher in seeds produced by plants not exposed to soil flooding (Table
2). However, the highest dry matter allocation was observed in seedlings produced from seeds produced under
the influence of three floods in the soil. It is possible that the higher allocation of dry matter in seedlings
produced by seeds under the longest flooding period is related to the greater efficiency of the reorganization
process in the cell membranes system, contributing to the lower loss of reserves stored in the endosperm.

The isozyme esterase expression was altered in seedlings under two periods of soil flooding (Figure 1A). Under
this period, there was an increase in the number of bands compared to seedlings under the influence of three
periods of soil flooding and to those maintained at field capacity, which were less intense, respectively. The
intensity and expression of acid phosphatase isoenzyme bands were higher in the seedlings under effect of field
capacity (Figure 1B). And, the peroxidase altered its expression in relation to the number and intensity of the
bands with the increase of the soil flooding period, not occurring expression in seedlings maintained in the field
capacity (Figure 1C).
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Figure 1. Isoenzymatic expression in wheat seedlings originated from plants submitted to different periods of
soil flooding, where: Esterase (a), Acid phosphatase (b) and Peroxidase (¢). ** FC = field capacity; Two = two
periods of flooding; Three = three periods of flooding, Capao do Ledo, RS

Gene expression, enzyme synthesis and plant defense mechanisms are fundamental for seedling growth in
response to stress conditions (Frieset et al., 2007). The esterase can act on membrane phospholipids in seeds
(Santos et al., 2005) and reflect in reduction of vigor. On the other hand, acid phosphatase participates in the
ester hydrolysis, it can act on the cellular membrane system and affect the respiratory activity by the
peroxidation of unsaturated lipids in the mitochondrial membranes, a fact that is related to the deterioration
process in seeds. On the other hand, peroxidase enzymes are proteins associated with physiological and
biochemical processes in response to stresses during growth (Matamoros et al., 2003; Jebara et al., 2005).

As a result, the analysis of the data allowed to verify that the periods of soil flooding reduced the vigor and yield
of the wheat seeds, as verified in the tests of first germination count, germination speed index, germination speed,
affecting negatively the dry matter allocation, the harvest index and the thousand seed mass. In addition, it is
possible to observe that flooding modified the isozyme expression patterns in electrophoretic systems.

4. Conclusion

The physiological performance is negatively influenced by soil flooding, occurring a reduction of the thousand
seed mass and the harvest index when the plants are submitted to said stress;the increase of the flooding periods
of the soil negatively influences the germination speed index of wheat seeds, indicating reduction of vigor.
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