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Abstract

The aim of this work was to correlate macronutrient content of soybean seeds to physiological quality of
different cultivars. The work was developed in the Federal University of Pelotas, in the facilities of the Seed
Science and Technology Graduate Program. The experimental design was randomized blocks in arranged in four
replicates. The following soybean cultivars were used: BMX Apolo RR (12 lots), BMX Ativa RR (13 lots),
BMX Energia RR (26 lots), BMX For¢a RR (24 lots), BMX Impacto RR (35 lots), BMX Magna RR (16 lots),
BMX Turbo RR (44 lots), BMX Poténcia RR (82 lots) and NA 5909 RR (28 lots), with seeds produced in
northwest Rio Grande do Sul. The determination of nutritional contents found in plant tissues of soybean seeds,
were measured: Nitrogen (N), Phosphorus (P), Potassium (K), Magnesium (Mg), Calcium (Ca), Sulfur (S). The
macronutrient contents of the seeds vary according to genetic characteristics of the cultivars, with higher
oscillations of nitrogen, phosphorus, magnesium and sulfur contents present in soybean seeds. Potassium and
calcium are defined as the most stable nutrients for the cultivars and seed lots analyzed. High concentrations of
nitrogen, phosphorus and calcium are determinants for the physiological quality of soybean seeds.

Keywords: nutritional composition, minerals, interrelationships
1. Introduction

The soybean crop stands out with 49% of the Brazilian agricultural area. This increase is mainly due to factors
related to crop management and several utilization purposes (Ferrari et al., 2014). In view of this, the soybean
production chain is well structured in most producing countries, where new technologies and modernization of
agricultural techniques allowed to better exploit the yield potential, thus increasing soybean productivity, besides
the stability of market and its socioeconomic importance (Carvalho et al., 2017).

The use of seeds with high physiological quality plays fundamental role for a crop to achieve high yields, since
seedsof high quality have faster metabolic processes, providing auniform emission of the primary root during
germination and higher growth rate, originating seedlings with higher initial stature, growth and grain yield
(Schuch et al., 2009; Peske et al., 2012; Szareski et al., 2016). The physiological quality of the seeds may be
influenced, both positively and negatively, by many factors, where the nutrients play determinant role (Follmann
et al., 2014). Soybean seeds from different cultivars and lots vary in chemical composition due to cultivation in
different environments, reflecting on their physiological quality (Delarmino-Ferraresi et al., 2014; Szareski et al.,
2015).

Nitrogen, phosphorus, calcium and magnesium stand out among the macronutrients with positive responses in
seed quality, however not only the element itself, but also the content supplied to the plants may influence on
seed quality (Marcos Filho, 2015). Kurihara et al. (2013), evaluating nutrient accumulation in soybean seeds,
verified concentrations of N (235 g kg), P (24 g kg"), K (54.4 g kg) Ca (9.1 g kg™") Mg (11.4 g kg™).
Lopez-andreu et al. (1985) evidenced minimal differences between cultivars sown at the same growing
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environment, being K, P, Mg and Ca, the most abundant nutrients, with 19.6 g kg, 4.54 g kg, 2.59 g kg and
3.13 g kg™, respectively.

In the early stages of development, during seedling emergence and establishment, the seeds macronutrient
content allows to determine if they are in an enough range for suitable physiological processes. In this context,
the aim of this work was to correlate macronutrient content of soybean seeds to physiological quality of different
cultivars.

2. Materials and Methods

The work was developed in the Federal University of Pelotas, in the facilities of the Seed Science and
Technology Graduate Program. The experimental design was randomized blocks in arranged in four replicates.
The following soybean cultivars were used: BMX Apolo RR (12 lots), BMX Ativa RR (13 lots), BMX Energia
RR (26 lots), BMX Forca RR (24 lots), BMX Impacto RR (35 lots), BMX Magna RR (16 lots), BMX Turbo RR
(44 lots), BMX Poténcia RR (82 lots) and NA 5909 RR (28 lots), with seeds produced in northwest Rio Grande
do Sul.

The determination of nutritional contents found in plant tissues of soybean seeds was carried out at the
Laboratory of Chemical Analysis of the Brazilian Institute of Analyzes (IBRA) located in Sumar¢, SP. Where
Nitrogen (N), Phosphorus (P), Potassium (K), Magnesium (Mg), Calcium (Ca), Sulfur (S) were measured. The
nutrient extraction was carried out according to the methodology proposed by Malavolta (2006). For N
extraction, the sulfuric digestion method was used, where H,SO4 in the presence of catalysts (CuSO4 5H,0,
Na,Se0s) and salts used to increase the acid ebullition point, as Na,SO,, where organic matter was oxidized by
transforming the nitrogen into ammonium sulfate (NH,),SO,.

For P, K, Ca, Mg and S extraction, it was used the method of decomposition by nitric-perchloric digestion. Dry
matter (0.50 g) was treated with 9.0 mL of nitric-perchloric mixture in a proportion of 3.5:1 (v/v), and
pre-digestion was performed at room temperature for 12 hours. The samples were digested in a heating plate
with temperature of 160 °C, where they were kept until their volume reduced to 50% of the total. Then, the
temperature was raised to 200 °C, remaining until the extract became colorless. After cooling, 2 mL of ultra-pure
water was added, the extract was then transferred to a 50mL volumetric flask, completing the volume with
ultra-pure water. The reading solution was homogenized and transferred to glass vials to rest during 12 hours for
amorphous silica decantation.

Nitrogen was determined by the Semi-micro-Kjeldahl method, based on the transformation of ammoniacal
nitrogen (NH,4),SO4 to ammonia (NH;), which is fixed by boric acid and then titrated with H,SO, until further
formation of (NH4),SO, in the presence of acid/base indicators. Phosphorus was determined by the
Metavanadate (total phosphorus) Colorimetry. The developed color is measured in a photocolorimeter or
spectrophotometer using a color filter complementary to the sample, the percentage of transmission (% T),
absorbance (A) or optical density (O.D.) was measured. The determination of Potassium was obtained by atomic
absorption spectrometry, and after the oxidation of the plant material by nitric-perchloric digestion, the
potassium is quantified by atomic absorption spectrophotometer with K (Lc) hollow cathode lamp.

Calcium and magnesium were quantified in atomic absorption spectrophotometer with calcium or magnesium
discharge arc lamps, and for the determination of these two elements, the addition of lanthanum or strontium is
necessary to prevent interference caused by the presence of phosphates and aluminum. Thus, lanthanum or
strontium prevents the formation of thermally stable compounds between magnesium or calcium. Sulfur was
determined by the Turbimetry method of barium sulphate, based on the turbidity formed by sulfur precipitation
through barium chloride, a spectrophotometer was used to determine the transmittance (T) or absorbance. For all
the macronutrients measured in the seeds, the results were expressed in grams per kilo (g kg™).

The physiological quality of the seeds was based on the germination test (GER), conducted in four sub-samples
of 100 seeds per replicate of each treatment, where seeds were arranged in Germitest paper rolls moistened with
water equivalent to 2.5 times the mass of the dried paper, remaining in a germinator at 25 °C. The evaluations
were carried out eight days after sowing, according to the Rules for Seed Analysis (Brazil, 2009), and the results
were expressed as percentage of normal seedlings.

Accelerated aging (AA) was carried out in a gerbox with metallic screen. 40 mL of distilled water was added to
the bottom of the box, and the seeds of each lot were uniformly distributed over the screen in a single layer. Then,
the seed boxes were conditioned in a BOD incubator at 41 °C, where they remained for 48 hours. Afterward,
they were submitted to germination test (Marcos Filho et al., 1999).
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Viability by the tetrazolium test (PG), carried out with four samples of 50 seeds of each lot, these being
pre-conditioned on paper towels moistened at 30 °C in a humid environment (germinator) for 16 hours. After this
period, the seeds were transferred to plastic containers and immersed in 0.075% tetrazolium salt solution, which
were kept for four hours in an oven at 40 °C. After coloration staining, the seeds were washed in running water
and evaluated according to the criteria proposed by Costa et al. (2007). The weight of one thousand seeds (WTS)
was determined by weighing eight replicates of 100 seeds, followed by the adjusted to weight of one thousand
seeds (Brazil, 2009).

The data were submitted to analysis of variance at 5% of probability, with assumptions verification. The
characters that showed significance were submitted to complementary analyzes by Tukey at 5% of probability.
Posteriorly, the characters were submitted to linear correlation analysis.

3. Results and Discussion

Significance was verified for all measured characters at 5% of probability, and it was possible to observe the
presence of correlation between macronutrients contents in soybean seeds and physiological quality of different
cultivars. There was high positive correlation between nitrogen content and germination for the cultivars BMX
Apolo RR, BMX Ativa RR, BMX Impacto RR and BMX Poténcia RR (Table 1). Accelerated aging positively
correlated with nitrogen content in soybean seeds for cultivars, BMX Apolo RR, BMX Impacto RR, BMX
Magna RR andBMX Poténcia RR (Table 1).

Table 1. Pearsons correlation between macronutrient contents and the characters germination (Ger), accelerated
aging (AA), viability by tetrazolium test (PG), vigor by tetrazolium test (Vtz) and weight of one thousand seeds
(MTS) in different growing cultivars

. N P
Cultivars Ger AA PG VTz  MTS Ger _AA PG VIz WIS
BMX Apolo RR 0.78%  094* 027 004 097+ 0.99%* 058  0.77* 060 067
BMX Ativa RR 0.78* 031 070 056  0.16 0.84% 064  0.70% 067 0.63
BMX Energia RR 2018  -0.12 040 023  -024 047 048 042 040 -039
BMX Forga RR 0.15 0.3 033 003  0.10 0.18  079%* 053 056 040
BMX Impacto RR 0.89%% 0.75% 0.95%* 0.93%* 0.40 048 036  0.63* 0.65% 022
BMX Magna RR 005  0.69% 034 016  0.77* 050 050 044 046 0.15
NA 5909 RR 057 052 076 075% 058 0.70* 007 021 041 026
BMX Poténcia RR 0.80*  0.77% 023 016  0.12 0.81% 043  085% 080*% 0.73*
BMX Turbo RR 045 041 039 046  0.64* 0.94%% 086** 0.65% 057  0.74*
Culti K Ca

ultivars Ger  AA PG VIz  PMS Ger _AA PG VIz WIS
BMX Apolo RR 055 050 060 052  -0.54 0.85*  0.74* 0.70* 041  0.82*
BMX Ativa RR 0.83* 078 067 034 030 0.75% 005 062 019  -0.07
BMX Energia RR 2059 -0.62 -0.14  -045  0.64 0.89%  0.79% 040 025 030
BMX Forca RR 2002 001 052 036 030 2010 020 009 -0.09 037
BMX Impacto RR 057 047 054  0.64* 008 035 051 002 -0.06 035
BMX Magna RR 053 012 057 057  -0.05 001  087%* 050 059  0.09
NA 5909 RR 025 012 024 018  -0.41 0.86*  0.76* 042 047 -0.28
BMX Poténcia RR 033 041 008  -005 -0.02 040  0.72*  0.65* 044 031
BMX Turbo RR 045 033 031 049  -0.51 0.14  -020 024 016 007

. Mg S
Cultivars Ger  AA PG VIz  PMS Ger _AA PG VIz WIS
BMX Apolo RR 051 022 059 060 010 0.19 013 058 051 025
BMX Ativa RR 2020 002 -028 -046 0.16 0.15 051  -003 019 -020
BMX Energia RR 2025 =029 -0.11  -026 028 20.03  -007 -0.15 -043 031
BMX Forca RR 0.14 012 053 036 039 2003 004 027 013 035
BMX Impacto RR 039 043 049 060 040 0.80%% 0.82%% 0.65% 0.66* 0.08
BMX Magna RR 058 055 055 067  0.02 048 019 016 016 -0.03
NA 5909 RR 2053 004 -0.19 -034 043 0.14 007  -015 -0.13 026
BMX Poténcia RR 0.11 028 047 017 047 052 046  -041 -042 0.06
BMX Turbo RR 030 029 017  -040 -0.43 20.03 015 040 038 076

Note. ** Significant at 1% of probability; * Significant at 5% of probability.

314



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 5; 2018

The highest concentration of nitrogen might be related to the increase of germinated and vigorous seeds, due to
accelerated aging, allowing nitrogen availability, combined with the cultivar genetic potential and protein
fraction present in the seeds (Delarmino-Ferraresi et al., 2014; Carvalho et al., 2015). These proteins act as
enzymes in the initial stages of germination, where the reserve proteins are hydrolyzed, providing nutrition
required by the embryo during germination process (Zimmer, 2012).

The correlation between viability, determined by the tetrazolium test, with nitrogen content was positive for the
cultivarsBMX Ativa RR, BMX Impacto RR and NA 5909 RR, in the same way for vigor verified by the
tetrazolium test. Nitrogen content was associated with germination for cultivarsBMX Apolo RR, BMX Ativa RR,
BMX Impacto RR and BMX Poténcia RR. Accelerated aging correlated positively with nitrogen content in the
cultivars BMX Apolo RR, BMX Impacto RR, BMX Magna RR and BMX Poténcia RR (Table 1).

The higher nitrogen concentration may be related to the increase of germinated seeds percentage and superior
vigor determined through accelerated aging. This fact is justified by soybean to take advantage from nitrogen
availability, genetic potential of the cultivar, protein content in the seeds and favorable conditions of the growing
environments (Delarmino-Ferraresi et al., 2014; Ferrari et al., 2015; Souza et al., 2015). These proteins used
during the germinative process act as enzymes, which in hydrolysis, nutritionally subsidize the embryo (Zimmer,
2012).

The correlation between viability determined by the tetrazolium test with nitrogen content was positive for the
cultivars BMX Ativa RR, BMX Impacto RR and NA 5909 RR (Table 1). Regarding the correlation between
weight of one thousand seeds and nitrogen content, the results were positive for the cultivars BMX Apolo RR,
BMX Magna RR and BMX Turbo RR (Table 1). The weight of one thousand seeds is characterized as one of the
main components of soybean yield, it expresses reduced effects for modifications imposed by growing
environment, climatological and nutritional variables (Alvarez et al., 2007; Souza et al., 2015).

When analyzing the phosphorus content in soybean seeds, a positive correlation was observed with germination
of the cultivars BMX Apolo RR, BMX Active RR, NA 5909 RR, BMX Poténcia RR and BMX Turbo RR. The
accelerated aging test showed positive effects for cultivars BMX Forca RR and BMX Turbo RR, regarding
phosphorus content. This macronutrient is present in the seeds as a structural component of phospholipid
membranes, phosphoproteins, phospholipids, component of nucleic acids and coenzymes, acting in the inorganic
form being stored in vacuoles as orthophosphate, with function of producing chemical energy for physiological
reactions, and their availability as energy source for the reactions during germination process (Zimmer, 2012;
Silva et al., 2015).

Phosphorus content is related to the viability of the tetrazolium test, where positive results are observed for the
cultivars BMX Apolo RR, BMX Ativa RR, BMX Impacto RR, BMX Poténcia RR and BMX Turbo RR.
Similarly, the vigor obtained by this test shows positive effects for the cultivar BMX Impacto RR and BMX
Poténcia RR. Trigo et al. (1997) demonstrated that high concentrations of phosphorus in the seeds provide
greater energy availability for the seed metabolic activities, higher growth and initial development of seedlings
in both aerial and root system, increase in nutrient absorption and productivity (Meira et al., 2015). In contrast,
BatistellaFilho et al. (2013) verified that the increase in phosphorus concentration in the tissues, both leaf and
seeds, did not affect the physiological quality of seeds produced, evaluated by germination and vigor tests.

The potassium content in soybean seeds positively correlated with percentage of germination for the cultivar
BMX Ativa RR, with vigor by the tetrazolium test for the cultivar BMX Impacto RR (Table 1). Batistella Filho
et al. (2013), when working with phosphate and potassium fertilization of soybean seeds revealed that seed’s
germinative capacity were not associated with potassium concentrations in the seeds. Tests reported by
Turkiewicz (1976), involving wheat, rye and maize seeds, showed that the presence of P and K benefited seed
vigor, although these elements were not associated with germination speed.

The calcium content in soybean seeds is associated with the percentage of germination, with positive results for
the cultivars BMX Apolo RR, BMX Ativa RR, BMX Energia RR and NA 5909 RR. When analyzing the
correlation of calcium content with accelerated aging, positive results were observed with the cultivars BMX
Apolo RR, BMX Energy RR, BMX Magna RR, NA 5909 RR and BMX PoténciaRR (Table 1). The correlation
of calcium content with viability by the tetrazolium test presented positive results for the cultivars BMX Apolo
RR and BMX Poténcia RR. However, the vigor obtained by the tetrazolium test, when correlated with calcium
content, did not present significant results for any of the cultivars analyzed. The content of magnesium in
soybean seeds did not show significant responses to any of the measured characters.

Sulfur content (S) in the seeds showed positive association for germination, accelerated aging, viability and vigor
of the seeds by tetrazolium test for cultivar the BMX Impacto RR (Table 1). In the same way, with mass of one
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thousand seeds for the cultivar BMX Turbo RR. The macronutrients nitrogen (N), phosphorus (P), potassium (K),
magnesium (Mg) and sulfur (S) revealed significant differences between seeds of the nine soybean cultivars
analyzed, in contrast, potassium and calcium did not differ statistically between cultivars, (Table 2). Nitrogen
content, for the cultivar BMX Ativa RR was higher than the other cultivars evaluated, being similar to the
cultivars BMX Apolo RR, BMX Energia RR, BMX For¢a RR and BMX Poténcia RR (Table 2).

The cultivar with lower nitrogen content in the seeds was BMX Turbo RR, BMX Impacto RR, BMX Magna RR
and NA 5909 RR, differing in 11.89 grams of nitrogen per kilogram of seeds among the cultivars BMX Ativa RR,
with the highest accumulation, and BMX Turbo RR, with 19% less in nitrogen accumulation. Since the protein
content in different soybean cultivars varies from 30 to 45%, and the nitrogen content is characterized as the base
element of proteins evidences certain variation (Souza et al., 2009).

The highest nitrogen content was 63.76 g kg for the cultivar BMX Ativa RR, with lower effects for the cultivar
BMX Turbo RR. In relation to phosphorus content, the highest concentration of this nutrient was verified for the
cultivar BMX Apolo RR, and inferiority for the BMX Impacto RR. For potassium content, superiority was
conferred for the cultivar NA 5909 RR, with smaller effects for cultivar BMX Turbo RR. The higher calcium
content was evidenced for cultivar NA 5909 RR, regarding magnesium and sulfur content, the cultivar BMX
poténciaRR was superior for both macronutrients studied. The cultivars which presented the higher phosphorus
content were BMX Apolo RR, BMX Turbo RR, BMX Forga RR, BMX Poténcia RR, BMX Active RR and NA
5909 RR. According to Olibone and Rosolem (2010), the levels of phosphorus in soybean seeds vary according
to the cultivar, growing environment, management techniques, and soil and climatic specific features. Batistella
Filho et al. (2013) verified that phosphate fertilization increased the phosphorus fraction in both leaves and seeds
of soybean, however, did not show effects to the seed physiological apparatus.

The potassium content in seeds of different cultivars analyzed did not reveal significant variations. Vieira et al.
(1999) affirmed that, even if this element does not vary abruptly among cultivars, it has the purpose of balancing
the tissues’ electrolytes. The potassium content in seeds is essential for the initial phase of seedling growth, when
the root system is poorly developed for an adequate supply of this nutrient (Malavolta, 2006; Epstein & Bloom,
2006). Among several functions that this nutrient presents on plant metabolism, water absorption, enzymatic
activation, meristematic tissue growth, protein and carbohydrate synthesis, assimilate translocation, and stomata
opening and closing are prominent (Veiga et al., 2010). The highest magnesium content was verified for the
cultivars BMX Poténcia RR, BMX Ativa RR, BMX Energia RR, BMX Magna RR and NA 5909 RR, in contrast,
lower effects of this nutrient were expressed for the cultivar BMX Impacto RR compared to the other cultivars.
The cultivars that presented higher sulfur contents were BMX Poténcia RR, BMX Impacto RR, BMX Ativa RR,
BMX Turbo RR, BMX Apolo RR and BMX Forga RR, lower emphasis of this nutrient was obtained for the
cultivar NA 5909 RR.

4. Conclusion

The macronutrient contents of the seeds vary according to genetic characteristics of the cultivars, with higher
oscillations of nitrogen, phosphorus, magnesium and sulfur contents present in soybean seeds.

Potassium and calcium are defined as the most stable nutrients for the cultivars and seed lots analyzed.

High concentrations of nitrogen, phosphorus and calcium are determinants for the physiological quality of
soybean seeds.
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