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Abstract

The aimed to correlate the micronutrients content in soybean seeds with their physiological potential. 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
micronutrients measured were: B, Cu, Fe, Mn, Mo, Zn, Al and Na. The magnitudes of micronutrients are
dependent on the genetic constitutions of soybean cultivars. Higher variations are expressed for boron, copper,
manganese, zinc, molybdenum, sodium and aluminum content, while iron is the most stable micronutrient in
soybean seeds. Molybdenum and copper are characterized as determining micronutrients for physiological
quality of soybean seeds.
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1. Introduction

Soybean is one of the main crops grown in the word, it is a protein source for human and animal consumption
(Kavalco et al., 2015). This crop is an important pillar of modern agriculture, which advances from north to
south of Brazil, being base for a sustainable agribusiness (Carvalho et al., 2015). Among the species grown in
Brazil, soybean stands out with the highest increment in the 2016/2017 growing season, being sown in 33.9
million hectares, with average yield of 3.4 tons per hectare and production of more than 114 million tons of
grains (CONAB, 2017).

This quick growth in Brazil was boosted by the economic advantages for farmers, new cultivars, availability of
technology, seeds of high quality and efficient treats (Szareski et al., 2016). The physiological quality of seeds is
a summation of its attributes that indicate the ability of developing vital functions as germination, vigor and
longevity (Peske et al., 2012). In this view, high quality seeds may result in increments of 35% in grain yield
when compared to seeds of low physiological quality (Kolchinski et al., 2005; Schuch et al., 2009; Szareski et al.,
2016).

The micronutrient content in the seeds is relevant for initial establishment of seedlings, where the nutrient
fraction varies among species, cultivars and environmental conditions of the seed production field (Marcos Filho,
2015). The micronutrient deficiency, specially manganese and zinc, reduces the metabolic activity due to its high
demand in physiological processes, being essential components for enzymatic activation, structural manutention
and membranes integrity (Romheld & Marschner, 1991; Teixeira et al., 2005). In this context, this work aimed to
correlate the micronutrients content in soybean seeds with their physiological potential.

2. Material and Methods

This work was performed in the facilities of the Seed and Science Technology Graduation Program of the
Federal University of Pelotas The experiment was carried out in a randomized block design, with treatments
arranged in four replicates.
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It was used the seeds of cultivars BMX Apolo RR (12 lots), BMX Ativa RR (13 lots), BMX Energia RR (26 lots),
BMX Forga 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) produced in Northeast Rio Grande do Sul. Evaluations of
plant tissue nutritional contents were obtained through the Laboratory of Chemical Analysis at the IBRA
(Brazilian Institute of Analyzes) located in Sumaré, SP. The micronutrients measured were: Boron (B), Copper
(Cu), Iron (Fe), Manganese (Mn), Molybdenum (Mo), Zinc (Zn), Aluminum (Al) and Sodium (Na). The
nutrients extraction occurred according to the methodology proposed by Malavolta (2006). The incineration
method for digestion of B and Mo was used, where 200 mg of each sample was transferred to a crucible and
incinerated at 550 °C for 3 hours, then cooled with addition of 10 ml of 0.1 N of HCI.

For an extraction of Cu, Fe, Mn, Zn, Al, and Na, the method of decomposition by nitric-perchloric digestion was
used. The mass of 0.50 grams of dry matter was added with 9.0 mL of nitric-perchloric mixture in the proportion
of 3.5:1 (v/v), with pre-digestion at room temperature for 12 hours. Sample digestion was carried out on a
hotplate at 160 °C, and then raising the temperature to 200 °C until the samples become a colorless extract. After
cooling of the glass vials, around 2 mL of ultra-pure water was added, and the extract was transferred to a 50 mL
volumetric flask. A read solution was homogenized and transferred to glass vials which remained standing for 12
hours for amorphous silica decantation.

Boron was determined by colorimetry of H azomethine with determination based on the formation of a colored
complex by reaction of boric acid with H azomethine reagent. Copper, iron, manganese, zinc, molybdenum,
sodium and aluminum (nitrous oxide) were directly determined on nitric-perchloric extracts by atomic
absorption spectrophotometry using respective hollow cathode lamps. Copper determination was made with
scaling expansion due to its low concentration in plants, compared to other cationic micronutrients. All
micronutrients were expressed as mg kg™

Seeds physiological quality was evaluated in the Seed Analysis Laboratory of the company Dimicron Quimica
do Brasil Ltda., where the germination test was conducted with four sub-samples of 100 seeds per replicate for
each treatment, seeded in rolls of Germitest paper moistened with an amount of water equivalent to 2.5 times the
paper’s dry mass. Seeds were kept in a germinator at 25 °C. The evaluations were carried out five and eight days
after sowing, according to the Rules for Seed Analysis (Brasil, 2009), with results expressed as percentage of
normal seedlings.

Accelerated aging (AA) was ca-rried out in a gerbox with metallic screen, being added 40 mL of distilled water,
and on the screen, the seeds from each lot were evenly distributed in a single layer. After that, the boxes were
allocated in a BOD incubator at 41 °C, remaining for 48 hours, then the germination test was performed (Marcos
Filho et al., 1999).

Viability was verified by the tetrazolium test (PG), where each treatment was subdivided into four samples of 50
seeds, which were preconditioned on paper towels moistened at 30 °C and kept in a humid environment
(germinator) for 16 hours. After this period, seeds were transferred to containers and immersed in 0.075% of
tetrazolium salt solution, and kept in oven at 40 °C for four hours. After developing the stain, the seeds were
washed in running water and evaluated according to criteria proposed by Costa et al. (2007). The weight of one
thousand seeds (WTS) was determined by the measurement of eight replicates of 100 seeds, adjusting the values
for weight of one thousand seeds (Brasil, 2009), with results in grams.

The data were submitted to analysis of variance at 5% of probability, verifying its assumptions. The characters
which showed significance were submitted to complementary analyzes by Tukey test at 5% of probability, and
then, linear correlation analysis was performed.

3. Results and Discussion

The analysis of variance revealed significance at 5% of probability for all characters. The linear correlation
analysis (Table 1) presented associations between micronutrient contents of soybean seeds and physiological
quality of the different cultivars. The boron content (B) is positively associated with germination (GER) for
cultivars BMX Apolo RR and BMX Ativa RR, in contrast, the cultivar BMX Apolo RR expresses positive
association with boron content, accelerated aging (AA) and vigor by tetrazolium test (Vtz).

A positive correlation was observed between boron (B) content and weight of one thousand seeds (WTS) for the
cultivars BMX Apolo RR, BMX Ativa RR and BMX For¢a RR. Boron is characterized as an important
micronutrient for plants, as it acts on the metabolism of carbohydrates, transport of sugars in membranes,
synthesis of nucleic acids, phytohormones, walls formation and cell division (Sarsos et al., 2016; Zimmer et al.,
2016). The copper content (Cu) showed positive correlation with percentage of germination (GER), and
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accelerated aging (AA) only for the cultivar BMX Impacto RR. The content of this nutrient correlated positively
with seeds viability verified by tetrazolium test (PG) for the cultivar BMX Impacto RR and NA5909 RR. The
weight of one thousand seeds (WTS) revealed positive associations with copper content (Cu) for cultivars BMX
Apolo RR and BMX Energia RR. However, negative correlation was expressed between iron content (Fe) and
percentage of germination (GER) for the cultivar BMX Magna RR. The cultivar BMX Apolo RR negatively
associated viability (PG) with seed vigor by tetrazolium test (Vtz). The cultivar BMX Turbo RR presented
inverse tendencies between iron content and weight of one thousand seeds (WTS).

The manganese content (Mn) of soybean seeds was positively associated with the weight of one thousand seeds
(WTS) for the cultivar BMX Forga RR, Influences of manganese were observed on seeds physiological quality,
mainly regarding the lignin fraction (Marschner, 1995), which is one of the cellular wall substances that confers
waterproofing (McDougal et al., 1996). It alsoacts on the capacity and speed of water absorption by the tegument,
changes the amount of leached released to the external environment, being the lignin fraction inversely
proportional to electric conductivity of the seeds (Panobianco et al., 1999; Dellagostin et al., 2016; Strobel et al.,
2016).

There were positive correlations between zinc content (Zn), percentage of germination (GER), accelerated aging
(AA), viability (PG) and vigor obtained by the tetrazolium test (VTz) for the cultivar BMX Impacto RR. For
accelerated aging (AA), the cultivar BMX Magna RR positively correlated with zinc content (Table 1). Studies
have affirmed that zinc seed treatment provided benefits for germination, physiological potential of seeds and
initial establishment of canola plants (Pletsch et al., 2014). The sodium (Na) content in soybean seeds was
positively correlated with germination (GER) and accelerated aging (AA) for the cultivar BMX Forga RR.
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Table 1. Pearson’s correlation between micronutrient contents in the seeds and the characters germination (Ger),
accelerated aging (AA), viability by tetrazolium test (PG), vigor by tetrazolium test (VTz) and weight of one
thousand seeds (WTS) in different soybean cultivars

Cultivars B Cu

Ger AA PG VTz WTS Ger AA PG VTz WTS
BMX Apolo RR 0.96*%*  0.99** 0.14 036  0.98%* 0.66 0.62 -0.32 -0.09 0.96**
BMX Ativa RR 0.76*  0.28 0.06  0.85* 0.78* -0.3 -0.17 -0.53 -0.48 0.09
BMX Energia RR -0.54 -0.67 -0.15 0.03 0.2 0.31 0.39 0.28 J15%* 0.74*
BMX Forga RR 0.05 -0.14 -0.44 -041 0.72% 0.11 0.16 0.65 0.54 0.12
BMX Impacto RR -0.45 -0.4 -049 -047 -0.61 0.94** 0.86*%* 0.92** (0.93** (.33
BMX Magna RR 0.15 0.31 0 0.05  0.03 -0.54 -0.55 0.46 0.6 -0.14
NA 5909 RR 0.6 0.13 -0.49  -0.68 0.58 0.59 0.18 0.70*  0.74*  -0.23
BMX Poténcia RR -0.58 -0.47 0.02 027 -0.54 0.57 0.8 0.4 0.48 -0.47
BMX Turbo RR -0.44 -0.58 -0.43  -0.3 -0.28 0.13 -0.09 -0.42 -0.41 -0.66
Cultivars Fe Mn

Ger AA PG VTz WTS Ger AA PG VTz WTS
BMX Apolo RR -0.39 -0.08 -1 -0.97  0.04 0.54 0.59 0.66 0.82 0.61
BMX Ativa RR 0.08 0.08 0.57 -0.06 -0.33 -0.49 -0.41 -0.06 -0.03 0.26
BMX Energia RR 0.15 0.2 -0.22  0.16  -0.29 0.33 0.29 -0.35 -0.19 0.13
BMX Forga RR 0.02 0.04 0.2 -0.06 0 0.25 0.06 0.1 0.07 0.89**
BMX Impacto RR -0.27 -0.31 -0.18 -0.19 -0.23 -0.06 -0.11 0.07 0.1 0.01
BMX Magna RR -0.89 -0.18 0.3 042  0.03 -0.71 -0.57 04 0.54 0
NA 5909 RR 0.52 0.15 042 039 024 0.43 0.11 0.27 0.22 0.39
BMX Poténcia RR 0.29 0.5 043 0.17 045 0.52 0.52 0.61 0.45 -0.03
BMX Turbo RR 0.21 0.1 025 -0.26 -0.75 -0.29 -0.2 0.59 0.6 -0.48
Cultivars Zn Na

Ger AA PG VTz WTS Ger AA PG VTz WTS
BMX Apolo RR -0.68 -0.41 -0.64 -059 -03 -0.43 -0.7 0.67 0.48 -0.58
BMX Ativa RR -0.37 0.51 0.08 -0.61 0.53 0.42 0.37 0.4 0.36 -0.17
BMX Energia RR -0.36 -0.34 -0.06 -0.03 -0.12 -0.06 0.01 0.08 0.47 -0.47
BMX Forga RR 0.36 0.26 -0.14 -0.3 0.33 0.82*  0.72* 037 0.32 0.45
BMX Impacto RR 0.8**  0.87** 0.72* 0.72* 0.25 -0.18 -0.26 -0.14 -0.14 -0.55
BMX Magna RR 0.31 0.76* 053 0.67 0.18 -0.16 0.49 -0.33 -0.4 0.3
NA 5909 RR -0.22 -0.35 -0.3 -0.34  -0.22 0 -0.47 -0.27 -0.47 0.24
BMX Poténcia RR -0.25 -0.51 -0.43  -049 0.19 0.28 0.49 0.91*  0.55 -0.07
BMX Turbo RR -0.2 -0.38 -0.52  -0.53  0.01 -0.25 -0.4 -0.19 -0.17 0.46
Cultivars Al Mo

Ger AA PG VTz WTS Ger AA PG VTz WTS
BMX Apolo RR 0.33 0.61 -0.75 -0.57 05 0.98** 0.98*%* (.23 0.44 0.96**
BMX Ativa RR -0.45 0.08 -0.45 -0.55 0.15 0.36 -0.48 -0.33 0.21 -0.5
BMX Energia RR 0.34 0.43 0.2 0.62 043 -0.29 -0.33 0.28 -0.06 0.37
BMX For¢a RR -0.59 -0.59 -0.25 -0.15 -0.1 0.48 0.36 0.13 0.22 0.48
BMX Impacto RR -0.91 -0.95 -0.7 -0.73  -0.01 0.51 0.48 0.53 0.58 0.1
BMX Magna RR -0.1 0.28 -0.29  -039 0.26 0.51 0.88** 0.47 0.3 0.1
NA 5909 RR -0.29 0.24 -0.35 -0.55 0.78* 0.11 0.15 0.74*  0.51 0.80*
BMX Poténcia RR -0.31 -0.21 0.11 -0.17  0.36 0.52 0.72 0.33 0.55 0.51
BMX Turbo RR 0.08 0.01 -0.2 -0.17  -0.77 0.26 0.07 0.74 0.74*  0.19

Note. ** significant at 1%, * significant at 5%.

Negative association was verified between aluminum content (Al) and percentage of germinated soybean (GER),
accelerated aging (AA), viability (PG) and vigor bythe tetrazolium test (Vtz) for the cultivar BMX Impacto RR.
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Negative relationship between aluminum content (Al) and weight of one thousand seeds (WTS) was verified for
the cultivar BMX Turbo RR. Molybdenum (Mo) content was positively correlated with percentage of
germination (GER) for cultivar BMX Apolo RR, accelerated aging (AA) with cultivars BMX Apolo RR, BMX
Magna RR and BMXPoténcia RR. Molybdenum is positively associated with viability obtained by the
tetrazolium (PG) test for cultivars NA5909 RR, and BMX Turbo RR, this nutrient also correlates with weight of
one thousand seeds for cultivars BMX Apolo RR and NA5909 RR.

The presence of molybdenum in the seed influences the percentage of germinated seeds and vigor, the increase
of this nutrient concentration is directly proportional to the increase of seeds physiological potential (Leite et al.,
2009; Pelegrin et al., 2016; Meira et al., 2016). Research evidences the beneficial effects of molybdenum on
physiological quality of maize (Tanner, 1979). The increment of molybdenum in bean seeds benefits nodulation
and nitrogen storage in the seeds (Brodricket et al., 1992). Higher proportions of molybdenum applied to
soybean seeds or foliar area did not influence the physiological quality of seeds produced, grain yield and weight
of a thousand seeds (Possenti & Villela, 2010; Ferreira, 2001).

In general, micronutrients which positively correlate with, at least, one analyzed character, were: molybdenum
(Mo) in 55.5% of the cultivars, copper (Cu) in 44.4% of the cultivars, boron (B) in 33.3 % of cultivars, zinc (Zn)
in 22.2% of the cultivars, sodium (Na) in 22.2% of the cultivars, and manganese (Mn) in 11.1% of the cultivars.
However, the increase of iron (Fe) and aluminum (Al) levels negatively contributed with seeds physiological
quality, presenting negative correlation with 22.2% of the cultivars (Table 2).

The cultivars BMX Apolo RR, BMX Energia RR, BMX Magna RR, BMX Poténcia RR, NA 5909 RR were
superior, however, BMX Turbo RR expressed inferiority (Table 2) for boron (B) content. Frequently, it is a
scarce micronutrient in Brazilian soils, as high boron content in the seeds influences physiological activities,
enzymatic actions, cell division, cell wall formation, nucleic acid synthesis, phytohormones, carbohydrates and
the transport of sugars through membranes (Ferreira & Cruz, 1991; Soares et al., 2008; Follmann et al., 2016).

The highest concentration of copper (Cu) was expressed through cultivars BMX Impacto RR, BMX Ativa RR
and NA 5909 RR. The lowest copper content was presented through cultivars BMX For¢a RR and BMX Turbo
RR (Table 2). Copper is characterized as a vital component for enzymes being, present in chloroplasts (Ferreira
& Cruz, 1991; Ferrari et al., 2016).

Iron content (Fe) was higher for the cultivar BMX Impacto RR, with lower effects for the cultivar BMX Poténcia
RR (Tables 1 and 2). Regarding manganese content (Mn), superiority was evidenced for cultivars BMX Apolo
RR, NA 5909 RR and BMX Turbo RR (Table 2). Zinc content (Zn) revealed superiority for the cultivar BMX
Impacto RR, studies define that zinc acts as activator of several enzymes and component of cellular structures
(Ferreira & Cruz, 1991). Plants grown under zinc deficiency produce seeds with low concentrations of this
nutrient, less vigorous seedlings and lower grain yield (Genc et al., 2000; Nardino et al., 2016).

Table 2. Means of the micronutrients boron (B) copper (Cu), iron (Fe), Manganese (Mn), zinc (Zn), molybdenum
(Mo) and the elements aluminum (Al), and sodium (Na)present in seeds of nine soybean cultivars

Cultivars B Cu Fe Mn Zn Mo Na Al
mg kg!

BMX Apolo RR 3547 A 12.66 BC 88.53 A  3333A 3991 B 4.02AB 20.50B 20.00 C
BMX Ativa RR 30.24 ABC 13.42AB 100.74 A 26.85B 40.07B 6.37A 19.46 B 37.78 BC
BMZX Energia RR 28.97 BC 10.76 CD 93.47A  26.78B 385B 446AB 17.75B 54.29 BC
BMX Forga RR 3491 AB 8.59D 90.13A 26.53B 3976 B 3.92AB 23.80AB 15.00C
BMX Impacto RR 32.14 ABC 1533 A 113.33 A 26.66 B 5033 A 2.76B 37.66 A 16.67 C
BMX Magna RR 26.66 C 1270 BC 102.50 A 25.18B 40.15B 3.44B 28.14AB 933 AB
BMX Poténcia RR 25.92C 10.72CD 87.57A 2648 B 40.52B 4.40AB 25.56AB 37.11 BC
BMX Turbo RR 16.55D 9.80 D 10472 A 2840AB 36.68B 2.94B 26.09AB 35.06 BC
NA 5909 RR 26.83 C 13.07AB 99.46 A 30.00AB 39.16B 240B 30.71AB 116.61 A
cv.(% 2061 1689 3620 1721 1645 5388 5005 9107

*Means followed by the same capitalized letter in the column do not differ by the Tukey test (p < 0.05).

The content of molybdenum (Mo) was higher for the cultivar BMX Ativa RR, with lower effects for cultivar NA
5909 RR. Molybdenum takes part in nutrient absorption, acting as an integrant cofactor of the enzymes
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nitrogenase, nitrate reductase and sulfate oxidase, with function of electron carrying (Lantmann, 2002; Broch &
Ranno, 2005; Grassi Filho, 2006). Soybean seeds enriched with molybdenum increase translocation of nutrients
present throughout the plant to seeds (Milani et al., 2010). The sodium content (Na) was superior for the
cultivars BMX Impacto RR, NA 5909 RR, BMX Magna RR, BMX Turbo RR, BMX Poténcia RR and BMX
Forga RR.

4. Conclusion

The magnitudes of micronutrients are dependent on the genetic constitutions of soybean cultivars. Higher
variations are expressed for boron, copper, manganese, zinc, molybdenum, sodium and aluminum content, while
iron is the most stable micronutrient in soybean seeds. Molybdenum and copper are characterized as determining
micronutrients for physiological quality of soybean seeds.
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