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Abstract

Sunflower is a crop of great economic interest both nationally and internationally, due to its
use especially in oil production. However, factors such as water restriction are commonly
found in growing areas and exert a negative influence on the productive performance of the
crop, especially in critical periods, such as the germination and initial development of the
seedlings. Thus, the objective of this study was to evaluate the germinate behavior of seeds of
sunflower cultivars as a function of lower osmotic potentials. The experiment was installed in
a completely randomized design, in a 3x5 factorial scheme, three sunflower cultivars
(Charrua, Nussol and Olisiun 4) and five osmotic potentials (0, -0.2, -0.4, -0.8, -1.2 MPa)
with 3 replicates. For the study, solutions of polyethylene glycol (PEG 6000) were repaired.
Rolls of paper towels were moistened with the concentrations and later kept in a germination
chamber at 25 <C, where they remained for ten days. First counts (4th day) and total counts
(10th day) were performed, and the germination rate (%) was verified. In addition, in the last
evaluation, aerial and root length, green mass and dry mass of seedlings were determined.
Based on the results obtained it can be verified that in osmotic potential higher than -0.8 MPa,
no germination occurred. Nussol germinated more in more negative concentrations, with a
germination rate of 90%, differing from the cultivars Charrua and Olisiun 4, which, in larger
potentials, reached only 30% of germination.
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1. Introduction

The sunflower has stood out nationally and internationally for being a multipurpose plant and
from which almost everything is used. The pivoting root system allows for the cycling of
nutrients in the soil, the rods can be used in the manufacture of acoustic insulation material,
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the leaves and the stems promote good green fertilization, and can reach up to 5 tons per
hectare of dry mass. The fertilized flowers give rise to the achenes fruits that contain the
seeds rich in oil (47%) of excellent nutritional quality (Queiroz, 2006).

The sowing season is fundamental to the success and attainment of high yields in sunflower
cultivation, as in any other crop. The ideal sowing moment is one in which the different
stages of growth and development of the plant have their demands satisfied by the
environment, reducing risks, losses and increasing the chances of securing a good harvest.

The seed has attributes of genetic, physical, physiological and sanitary qualities, which gives
it the guarantee of a high agronomic performance, which is the fundamental base of the
success for a technically well-established crop. Seeds, to be considered of high quality, must
have good physiological and sanitary characteristics, such as germination rate, vigor and
sanity, as well as guarantee of physical and varietal purities, besides not containing weed
seeds (Krzyzanowski et al., 2004).

These factors are mainly responsible for the performance of the seed in the field, culminating
in the establishment of the plant population required by the cultivar, a fundamental aspect that
contributes to the achievement of high levels of productivity (Kappes et al., 2010). In the
field, one of the most important aspects to be observed is the seed performance during the
germination process and the subsequent emergence of the seedlings. High quality seeds result
in strong, vigorous, well-developed seedlings that settle in the different edaphic and climatic
conditions, with greater speed of emergence and of plant development, culminating in the fast
closing of the lines (Carvalho and Nakagawa, 2000), which results also in the efficient
control of weeds (Oliveira Jr. et al., 2011).

Water stress is the main determinant of sunflower yield, much in part to its effect on leaf area.
The lack of water in the tissues disfavors the leaf expansion and leads to this reduced leaf
area. This is the main defense mechanism of plants against lack of water, since with smaller
leaf area there will be less losses due to evapotranspiration. The lack of soil moisture in the
sowing-emergence phase can prolong its duration and reduce the initial population of plants
and, consequently, productivity (Embrapa, 2016).

Research related to water stress is developed with different substances to simulate water
stress conditions, but polyethylene glycol (PEG) has been used more commonly, because it is
a chemically inert, non-toxic and non-electrolytic osmotic agent. This product is available in
commercial formulations with different molecular weights (4,000; 6,000; 8,000; 12,000 and
20,000), 6,000 being the most used because it does not penetrate the cells due to its high
molecular weight (Martins et al., 2014).

The objective of this work was to verify the behavior of sunflower seeds under different
osmotic potentials, identifying the potentials from which one has water restriction.

2. Material and Methods

The experiment was conducted at the Laboratory of Seed Technology and Weed Science
(LaSeM) of the State University of Mato Grosso (UNEMAT), Alta Floresta Campus, Brazil.
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To verify the effect of osmotic potential of polyethylene glycol (PEG 6000) and tolerance to
water stress of the seeds of sunflower cultivars, a germinate and initial development of the
seedlings was carried out. The experiment was organized in a completely randomized design,
in a 3 x 5 factorial scheme consisting of 3 cultivars (Charrua, Nussol and Olision 4) and 5
osmotic potentials (0.0; -0.2; -0.4; -0.8; -1.2 MPa), for a total of 15 treatments, with 3
replicates.

In order to calculate the amount of PEG 6000, the equation proposed by Michel and
Kaufmann (1973) was used:

Yos = - (1.18 x 10?) C - (1.18 x 104) C2 + (2.67 x 10%) CT + (8.39 x 107) C2T

Being that yos = osmotic potential (bar); C = concentration (grams of PEG 6000 per kg of
distilled water); T = temperature (<€), being considered 25 €.

In conducting the research, the procedures described in the Rules for Seed Analysis (Brasil,
2009) were followed. For each treatment, 50 seeds were seeded in germitest paper, in paper
roll format, after being moistened with the solutions with their respective osmotic potentials,
which (rolls) were later kept in a germinating chamber type BOD, the constant temperature of
25 <€ for 10 days.

The evaluations started on the fourth day after assembling the test, being evaluated the
percentage of seeds that presented root protrusion with extension greater than or equal to
2mm. The following parameters were analyzed: seed germination, seedling length, root
length and green mass weight and dry seedling mass.

The root length, aerial part determination and green mass weight were evaluated on the fourth
day and the tenth day. Dry mass was determined by collecting the seedlings that germinated
on the last day of the experiment and then dried in a greenhouse at 65 <C for 72 hours and
weighed in a precision scale (0.01g).

The data, after analysis of the variance homoscedasticity, were submitted to the analysis of
variance by the test F. Having significance, the averages of the qualitative factors were
compared by the Tukey test at 5% of probability and the quantitative factors by the regression
analysis (in these cases, graphs were made), using statistical software Sisvar (Ferreira, 2011).

3. Results
3.1 Germination Rate

There was significance for the isolated factors and the interaction of these
(cultivars*concentrations) in all evaluated variables. There was a reduction in the germination
rate in all cultivars, this reduction occurred as the osmotic potentials became more negative
(Table 1).
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Table 1. First germination count (%) of three sunflower cultivars submitted to water
restriction

Cultivars
Potentials
Nussol Charrua Olisiun 4
-0.0 99.3A 61.3B 72.6B
-0.2 96.0 A 80.7B 76.0B
-04 86.7 A 76.0B 82.0B
-0.8 5.3B 26.0A 34.7A
-1.2 0.0A 0.0A 0.0A
CV (%) 14.23

Averages followed by the same capital letter in the row and lowercase in the column are not
different from each other by the Tukey test at 5% probability.

From -0.4 MPa, there was a significant reduction in the germination of the cultivars studied.
No germination was observed in the lowest studied potential, independent of the cultivar.
Nussol cultivar showed to be less tolerant, since there was a reduction of 94% between -0.4
and -0.8 MPa. The cultivars Charrua and Olisiun 4, in these same concentrations, presented
reduction of 66 and 58%, respectively (Figure 1).

It was observed that the cultivar Nussol showed a higher germination rate in relation to the
other cultivars studied, until the potential of -0.4 MPa, showing a clear superiority of at least
15% when compared to Charrua and Olisiun 4, in the first count of germination.

For the total germinated seeds, this difference remained only for the cultivar Nussol in
relation to Olisiun 4 in the potential of -0.2 MPa. The greater sensitivity of Nussol from -0.8
MPa remained in this variable (Table 2).
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Table 2. Total germination (%) of sunflower cultivars submitted to water restriction

Cultivars
Potentials (MPa)
Nussol Charrua Olisiun 4
-0.0 99.3A 746 B 745B
-0.2 96.7 A 85.3A 78.7B
-04 92.0A 78.7 A 83.3A
-0.8 53B 33.3A 440 A
-1.2 0.0A 0.0A 0.0A
CV (%) 15.33

Means followed by the same capital letter in the row and lowercase in the column do not
differ from each other by the Tukey test at 5% probability.
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Figure 1. First germination count (A) and Total germination (B) of sunflower cultivars
submitted to increasing concentrations of PEG 6000, aiming at water restriction
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As for shoot length, there was no difference between the cultivars in the first count, only one
reduction was verified as the potential decreased (Figure 2). This behavior was maintained in
the total air behavior count (Figure 2). In both evaluations, there was a quadratic reduction,
and in the potential of (-1.2 MPa), because no germination was verified, the values of these
two variables corresponded to zero.
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Figure 2. First count of aerial length (A) and Total air length (B) of sunflower seedlings
submitted to water restriction

In the control treatment, the air length remained and, with water restriction, there was a
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decrease in the values in this variable, following a quadratic reduction trend. The aerial part
began to be affected, not allowing the normal development of this important part of the plant
to occur. Thus, at lower potentials the seedlings failed to develop their aerial part and when
they tried, the seedlings became abnormal.

At potentials between -0.2 and -0.4 MPa, the seedlings were kept at an average length of 1.5
centimeters. In the potential -0.6 MPa, there was a stoppage in its growth as a consequence of
the smaller aerial part.

3.3 Root Length

For the root length variable, the potentials -0.2 and -0.4 MPa were greater than the control
potential; and in the potential of -1,2 MPa, that there was no germination occurrence (Figure
3). In the first counting and in the total count, the root length at -0.2 and -0.4 MPa, are
superior to the other potentials, with length between 4 and 5 centimeters and others with
length between 1 and 2 centimeters (Figure 3).

There was a significant reduction in root system growth of sunflower cultivars, with no
difference between them (Figure 3). As the osmotic potential decreased, root length followed
a quadratic reduction trend.

In Table 3, one can see the cultivars that developed more their root system, a defense
mechanism thus expanding the roots in search of water, cultivating Nussol and Charrua, were
those that had greater capacity to expand their roots, the smaller water deficiency signal the
plant diminishes its cellular expansion, and later the closure of the stomata, reducing aerial
part and development of the hypocotyl, the plant to work and taking advantage of the night to
be able to grow, the cultivar Olisiun 4 has a smaller development, being thus more sensitive
to water stress, failing to expand its root system.

Table 3. Root length first count and total count of sunflower cultivars submitted to water
restriction

Cultivars First Root Length Total Root Length
Nussol 3.43a 3.76 a

Charrua 2.45 ab 2.97 ab

Olisiun 4 1.55b 1.55b

CV (%) 62.80 65.05

Means followed by the same lowercase letter in the column are not different from each other
by the Tukey test at 5% probability.
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Figure 3. First count of root length (A) and Total root length count (B) of sunflower seedlings
subjected to water restriction.

3.4 Weight of Green Mass and Dry Mass

Figure 4 show that at the control level there were higher results, reaching 0.25 mg, and at
concentrations -0.2 and -0.4 MPa, the values reached approximately 0.18 mg. Differing from
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the dry weight, values of 0.07 to 0.09 mg were observed in concentrations of -0.2 and -0.4
MPa, while the control level reached values of 0.06 mg (Figure 5).
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Figure 4. First weight count of green mass (A) and Weight count of total green mass (B) of
sunflower seedlings subjected to water restriction

These results allow inferring that the seedlings submitted to low osmotic potential suffered,
reducing the accumulation of dry mass of the aerial part, in contrast to the root.

Both green mass and dry mass weight had a decreasing quadratic response as the osmotic
potential became more negative.

These results corroborate with those found in the other variables, reinforcing the difficulty in
developing sunflower seedlings as water supply was smaller, regardless of cultivar.
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Figure 5. First dry weight count (A) and Total dry weight (B) of sunflower seedlings

4. Discussion

4.1 Germination

subjected to water restriction

Water is the essential element for the activation of different metabolic processes for the seed
germination process to occur (Avila et al., 2007). Research related to seed germination
response under simulated stress conditions is important within ecophysiology, being
fundamental for the evaluation of the limits and tolerance of survival and adaptation of each
species under natural stress conditions (Guedes et al., 2013).

Study by Yamashita et al. (2009) with germination of Emilia sonchifolia seeds submitted to
water stress simulated by PEG 6000, observed reductions in seed germination and
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germination speed from -0.1 MPa potential and no germination from -0.4 MPa. Guedes et al.
(2013) also found inhibition in vigor of Apeiba tibourbou seeds with the potential of -0.6
MPa and Melaleuca quinquenervia (Martins et al., 2011), in which osmotic potentials equal
to or less than -0.8 MPa, due to PEG or NaCl prevented germination, a behavior similar to the
results found in the present work.

For Bowdichia virguloides, Silva et al. (2001) report that the germination percentage was
drastically reduced from the osmotic potential -0.5 MPa of PEG 6000, with no germination at
lower potentials (-0.9 and -1.1 MPa). Braga et al. (2008) found a reduction in germination
percentage of Schizolobium amazonicum seeds in potentials from -0.1 to -0.5 MPa of PEG
6000, differing from control.

Similar results with gliricidia were reported by Farias et al. (2009), who also using PEG 6000
as osmotic agent, observed a decrease of approximately 50% in the osmotic potential of -0.5
MPa in relation to the absence of water stress, not verifying occurrence of germination in the
osmotic potential of -2.0. MPa. A study by Guedes et al. (2013) on raft seeds found that
germination was reduced from -0.2 MPa.

Pereira et al. (2014), studying water stresses by PEG and NaCl solutions in the germination
of rape (Raphanus raphanistrum) and stinky (Senna obtusifolia) seeds, found that stress
conditions impaired the germination and seed vigor of these species, in which The stress
promoted by the PEG solution caused greater negative effects than NaCl for both species,
being the minimum germination limit found in the potential of -0.4 MPa. These results
contribute to the research results of Teixeira et al. (2011), in which he evaluated the
germination and vigor of crambe (Crambe abyssinica) seeds under PEG 6000 induced water
stress with 0.0 to -1.4 MPa solutions. For the same authors, they found that the reduction of
substrate osmotic potential promotes significant reduction in germination and seed vigor of
this species.

A possible explanation for this effect is related to the high molecular weight of PEG, which
due to its high viscosity and low Oz diffusion rate may compromise the oxygen availability to
the seeds during the germination process (Braccini et al., 1996).

The effect caused by water stress is associated with reduced water availability and cellular
dehydration, where for each species there is a soil water potential value below which
germination does not occur (Maraghni et al., 2010).

Water restriction decreases the speed of metabolic and biochemical processes, delaying or
reducing the percentage of seed germination, interfering with embryo imbibition and cell
elongation (Bradford, 1990).

According to Santos et al. (1992), the decrease in seed germination under water stress is
attributed to the reduction of enzymatic activity, which promotes less meristematic
development. However, the ability of seeds of some species to germinate under water stress
conditions confers ecological advantages over others that are drought sensitive (Scheidt da
Rosa et al., 2005).
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\ MacrOthi“k Journal of Agricultural Studies

Shoot length was negatively influenced as water stress intensified, corroborating the study by
Carneiro et al. (2011), where there was a reduction in shoot length of sunflower seedlings as
the concentration of PEG 6000 was increased, with the lowest values observed at the
potential of -0.8 MPa, reducing plant growth by decreasing cell turgidity (Jaleel et al., 2009).

For Abati et al. (2014), the inhibition of airborne seedling growth is mainly due to water
restriction to slow the physiological and biochemical processes, impeding the development.

In other cultures, similar behaviors are also found, similar to those obtained by Kappes et al.
(2010) where they verified reduction of air length in corn and soybean seedlings submitted to
PEG 6000 solution.

As a defense in conditions of lack of water and reduction of air growth, to retain more water
in its entirety, the seedling loses leaf area, causing the root part to develop more demand for
moist soil. Spollen and Sharp (1991) reported that maize roots can grow at potential levels
that inhibit shoot growth. This is advantageous especially for seedling survival when the
water supply is limited.

According to Vaz de Melo et al. (2012), seedling shoot length and seedling weight of three
popcorn cultivars had the same behavior under water stress, decreasing their values with the
increase of water stress caused by the decrease of osmotic potential. The water stress caused
by osmotic potentials below -0.4 MPa caused lower germination speed in popcorn seeds.

Seedling under water stress increases endogenous aba concentration, which would act both
by maintaining root growth and inhibiting shoot growth (Spyropoulos, 1986). Water stress
can cause reduction in seedling growth by restricting cell wall loosening or reducing the entry
of solutes into the embryo under water stress conditions, the same authors observed a low
enzyme activity in sucrose degradation, resulting in a decrease in embryo growth.

The first and most sensitive response to water deficit is the reduction of cell turgidity, which
leads to decreased growth, since cell division, stretching and differentiation are affected by
water deficits. in not-so-severe water deficit conditions, the plant can prevent a reduction in
cell turgidity by initiating osmorregulatory measures such as the synthesis of organic
compounds and the conversion of starch to soluble carbohydrates, thereby ensuring water
inflow and maintenance of cell volume (Larcher, 2000).

4.3 Root Length

The lack of water reflected directly on the development of roots and shoots. Commonly,
when under water deficit, plants are rehydrated at night as a result of substantial leaf growth
during this period (Carvalho and Nakagawa, 2000). According to Hoogenbomm et al. (1987),
under water deficit conditions there is greater root expansion due to soil surface drying.

Work by Carneiro et al. (2011), in a study with sunflower seedlings, found that the root length
in the potentials of -0.2 and -0.4 MPa was higher than the control, in PEG 6000 concentration,
and this behavior is similar to the results observed in this study.
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These results differ from those observed by Bertagnolli (2003) with lettuce seeds, where
water potentials of -0.20 and -0.40 MPa caused reduction of primary root emission and
percentage of seed germination. Water stress reduces water absorption, which causes rapid
growth reduction, and a set of metabolic changes that culminate with decreased shoot growth,
probably due to the hormones produced by the roots (Munns, 2002).

Research by Kappes et al. (2010), when evaluating water stress on germination and seed
vigor of corn hybrids, observed a reduction in root growth as the osmotic potential of the
solution decreased.

For Taiz and Zeiger (2009), the first measurable effect of water stress corresponds to the
decrease in growth, caused by the reduction of cell expansion that needs adequate turgor
potential.

Root length is one of the characteristics that give plants greater tolerance to water deficit, and
as water stress can occur increasingly, the contact between the root surface and soil is
maximized by root hair emission, with consequent increase surface area and water absorption
capacity (Ramos Junior et al., 2013).

When plants are exposed to water stress, various effects are triggered that culminate in
different responses. Study conducted by Paix&o et al. (2014), evaluating the physiological and
biochemical characterization of sunflower genotypes with different tolerance to water stress,
found a difference in soluble protein contents, being affected differently by stress, where it
was observed increases in soluble protein contents in relation to days that did not suffered
water stress.

Proteins are fundamental in all aspects of cellular structure and function, present in all parts
of cells. Modifications in their contents can be a major damage to plant growth and
development (Coscolin et al., 2011).

The root system of sunflower crop is pivotal, growing faster than the aerial part of the plant at
the beginning of development, being formed by a main axis and abundant secondary roots,
able to exploit a large volume of soil. Root length develops in greater proportion than air
length when water is lacking, and begins to develop. The development of the root system in
the deeper layers of the profile enables plants to better exploit soil moisture and fertility,
depending on plant morphological and genotypic characteristics (Goldmann et al., 1989).

4.4 Weight of Green Pasta and Dry Pasta

All germination processes depend on the fulfillment of the restrictive factors and from this.
the deficit water can not only damage the process, but also promote seedling malformation,
which will not be able to accumulate mass, affecting its development and later production
(Krzyzanowski et al., 2004).

Both the weight of green mass and dry mass were affected by water deficit, reducing the
cellular expansion of the seeds, so the green mass did not develop fully. This weight reflects
the little water absorbed, the seedling hurry the need to fetch water, so that it can continue the
aerial development. Authors report that when the plant begins to feel water deficiency, all its
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water-consuming activities cease so that it can exert more energy into the root system in
search of moist soil.

\ MacrOthi“k Journal of Agricultural Studies

Guedes et al. (2013), observed that the dry mass content of Apeiba tibourbou seedlings was
reduced as it restricted water potential, becoming null at -0.8 MPa. The reduction in epicotyl
dry mass may have possibly occurred due to the decrease in seed metabolism, due to the
lower availability of water for digestion of reserves and translocation of metabolized products
(Bewley and Black, 1994).

This reduction is due to the demand for physiological and biological processes or the
difficulty of hydrolysis and the mobilization of stored seed reserves (Bewley and Black,
1994).

Guandu plants under water stress showed a marked reduction in shoot dry mass (Muchow et
al., 1983). These results are similar to those obtained by Costa et al. (2004) and in Machado
Neto et al. (2006) in bean seeds, which as the increase of water stress decreased the dry
matter of shoots. Tévora and Melo (1991) described that the main mechanisms of the plant to
escape the water deficit are root increase and deepening, which may be due to growth (cell
elongation) or dry mass gain (growth and thickness of cell walls).

Torres et al. (1999) studying cucumber seeds, noticed the progressive effect on the reduction
of dry mass as the potential decreased at the level of -0.2 MPa. For Machado Neto et al.
(2006), water deficit can affect plant development by promoting changes in the total number
of leaves, leaf emergence rate, leaf expansion and senescence.

According to Smith and Cothren (1999), water stress generally increases the root/shoot ratio
in cotton plants, as the shoot is more affected and is a way to reduce the breathable surface.

5. Conclusion

The cultivar Nussol has greater tolerance in seed germination to water stress up to -0.4 MPa.
From this potential it becomes more sensitive than Charrua and Olisiun 4.

Regardless of cultivar, sunflower seeds have seedling development and mass accumulation
impaired by water stress caused by PEG 6000.
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