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potassium and their impacts on the seed yield and
physiological and nutritional qualities of soybean
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ABSTRACT

Using seeds of high physiological quality is important the establishment of a crop. Practices for quality seed production include sowing
in the offseason and applying foliar macro and micronutrients to supplement fertilizers applied to the soil. The aim of this research
was to evaluate the soybean yield and the physiological quality and nutritional content of seeds. Foliar fertilizer (24% P, 8% Ca, 4%
K and 2.5% B) was applied at 0.50, 1.0, 1.5, 2.0 and 2.5 kg ha' at the R3 soybean stage in a completely randomized design with
six replications. The experiment was carried out at two sites. The following traits were evaluated at the R6 stage: the final stand,
plant height, height of the first pod insertion, number of branches and number of pods per plant. After the soybeans were harvested,
the thousand grain mass and yield were evaluated. The contents of nitrogen, phosphorus, potassium, calcium, magnesium, sulfur,
zinc, iron, copper and boron were evaluated. Furthermore, the germination, first germination count, accelerated aging, modified cold,
electric conductivity and emergency speed index were measured. The data were analyzed by means of joint analysis. When the foliar
fertilizer rates were significant, the polynomial regression models were adjusted. The number of pods per plant and yield increased at
site 1 (Rancho Alegre d ‘Oeste). Application of the foliar fertilizer only influenced the emergency speed index at site 2 (Mariluz) with
regard to the physiological quality of the seeds. The P content was positively affected at both sites; the K, S, Zn and B contents were
only positively affected at site 2.
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INTRODUCTION adopted later times for soybean cultivation, with a sowing
date between December and January because, at harvest,

Soybean is the most important legume in theBrazilian  the rainfall and temperature have already decreased.

economy and also worldwide, accounting for more than

45% of all grain production in Brazil (Conab, 2014). This ~ Along with this management practice, nutrients are

crop also has the same impact relative to seed production, provided via foliar application to complement the

which corresponds to 33% of all seeds marketed and  pytrients applied to the soil. This type of fertilization is

produced in Brazil. not a recent technique and has been used for more than

one hundred years (SBCS/NEPAR, 2019). Among the

According to Peretti (1994), the seed is th ti tant
ccording to Perett ( ), the seed is the mostimportan nutrients applied in this way, the most commonly studied

input in the production chain and its physiological quality is
fundamental for the success of the crop. The physiological
quality of seeds is influenced by the production and storage
conditions. Larger losses in this quality are expected under ~ flowering or postflowering stage (Burton et al., 2000;
conditions of high humidity and temperatures (Marcos ~ Bevilaqua et al., 2002; Souza et al., 2008; Macedo et al,
Filho, 2005). To obtain seeds with higher quality than 2002; Arantes et al., 2009; Seidel and Basso, 2012 and
those obtained in the summer harvest, some farmers have Esper Neto et al., 2018).

are calcium (Ca) and boron (B), and normally, applications
of these nutrients are made during the preflowering,
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Another nutrient of great importance, whose presence in
the soil has been well defined, is phosphorus (P), although
gaps exist inan understanding of its importance via foliar
application,with few references existing in the literature.
According to Rosolem (1982), soybean shows the greatest
need for P between the V4 and R0 stages, an event that
was also reported by Zobiole et al. (2012), who researched
nutrient uptake by soybean and found the inflection point
of higher absorption in P to occur after 80 days of the
development cycle, corresponding to the phenological
stage R5. According to Rosolem and Boaretto (1987),
although the highest absorption rate is during flowering
and the beginning of grain filling, greater amounts may
be absorbed after the flowering stages.

Some authors have found that the application of foliar P
to soybean increases the concentration of the element in
the seed produced (Vieira et al., 1987; Trigo et al.,1997;
Correéa et al.,, 2004; Peske et al., 2009; Marin, 2012) and
that this positively affects the physiological seed quality.
Nevertheless, research has not shown the joint application
of P, Ca, K and B in the same product but, instead, has
shown only Ca and B together or P and B in isolation.
Rezende et al. (2005), after performing research with
foliar application of P (2 L ha of a product with 30% P),
observed a significant increase in soybean yield (357 kg
ha') when the element was applied at the V5 stage. Other
evaluated traits, such as the nutrient content in the leaves,
lodging, height of plants, and insertion of the first pod did
not present significant differences (Rezende et al., 2005).

K foliar application in postemergence has shown some
potential advantages, with farmers being able to mitigate
observed K deficiency due to low content in the soil,

0-0.2 9.6 5.5 3.9 0.0 0.2 4.3

Table 1: Analysis of soil fertility characterization in the 0-0.2 m layer in Mariluz and Rancho Alegre d’Oeste

management practices or climatic conditions. Nevertheless,
when the area has been sprayed with glyphosate, the foliar
application of nutrients may be more economical (Nelson

et al., 2005).

Therefore, the hypothesis of this research is that foliar
supplemental fertilization with P, Ca, K and B at appropriate
rates and times increases the physiological quality of the
seeds produced in the soybean crop. Thus, the aim was
to evaluate the agronomic yield, physiological quality and
nutritional contents of soybean seeds produced after the
application of these elements in two locations in western
Parana State, Brazil.

MATERIAL AND METHODS

Experimental area characterization

The experiments were carried out in 2014 at two sites located
in the western region of Parand State, Brazil. One site is at
a latitude of 24°07.52’ S and 53°13.85” W (Mariluz), with an
average altitude of 367 m, and the other site is at a latitude of
24°22.212’ S and longitude of 53°01.636’ W (Rancho Alegre
d’Oeste), with an average altitude of 385 m. The climate at
both sites is classified as Cfa (Alvarez et al., 2013).

Soil from both experimental areas was classified as a clayey
eutrophic Red Latosol (Embrapa, 2013). Soil chemical
analyses of both areas were conducted for characterization.
The results of the analyses are shown in Table 1.and Fig;1
shows climatic data during the experimental time.

Experimental design and treatments
The experimental design was completely randomized
blocks, with six rates of foliar fertilizer application (24% P,

B 6.5 10.4 61.9 15.5 49

34.1 2.5 8.1 85.4

0.4 8.2

0-0.2 13.7 4.8 5.4 0.1 0.6 4.7

1.2 6.5 11.8 54.7 12.5 47

44.5 2.4 15.4 97.9

0.4 16.0

pHe, . (1:2.5); H+Al determined indirectly by pH SMP (Shoemaker, McLean, Pratt) buffer method; Al, Ca and Mg extracted by KCI 1 mol L'; P, K, Fe,

Cu, Mn and Zn extracted by Mehlich 1; B extracted by hot water; S extracted by [Ca(H,PO,

(CEC = SB+H+Al); C determined by Walkey Black
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Fig 1. Climatic daily data of rainfall (solid bat), maximum (dotted line) and minimum (solid line) temperature during the experimental time.

Table 2: P, Ca, K and B rates applied in each treatment in both sites

Treatments Rates Phosphorus Calcium Potassium Boron
(kg ha™) (g ha') (g ha") (g ha') (g ha")

1 0 0 0 0 0

2 0.5 120 40 20 12.5

3 1.0 240 80 40 25.0

4 IES 360 120 60 37.5

5 2.0 480 160 80 50.0

6 215 600 200 100 62.5

8% Ca, 2.5% B and 4% K, applied at 0, 0.50, 1.0, 1.5, 2.0
and 2.5kg ha'!, respectively) at the R3 stage (onset of pod
formation) (Embrapa, 2014). The rates of each nutrient
applied per hectare are shown in Table 2.

Experimental area management

The soybean genotype used was NA5909 RG. It was sown
at 40 seeds m~, a large quantity, becauseof the late sowing
period and because soybeans take less time to bloom when
sown at this time. All seeds were treated with pyraclostrobin
+ methyl thiophanate + fipronil at a dosage of 250 mL for
each 100 kg of seeds.

For basic fertilization, 200 kg ha' of a mineral fertilizer
with 2-20-18 formulation was applied by broadcasting
(top-dressed), along with 60 kg ha! of ammonium sulfate
(21% of N).The remaining agricultural treatments were
performed according to Embrapa (2013)

Variable responses

The following traits were evaluated in the R6 soybean
stage: final stand (FS), height of plants (HP), height of
insertion of the first pod (HIFP), number of branches
(NB) and number of pods per plant (NPP). After the
harvest, the thousand mass seed (TMS) and yield (YIE)
were also measured.

The ES was obtained by averaging the number of plants
counted in two lines per plot. The HP and HIFP were
obtained with a millimeter ruler by measuring five plants per
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plot, and the results were expressed in centimeters. NPP and
NB were determined by counting these items in five plants
randomly chosen per plot. The YIE was determined by
harvesting the useful area per plot (7.2 m?) and extrapolating
the results into kilograms per hectare. The TMS was
determined by weighing eight subsamples of 100 seeds per
plot on a semi-analytical balance. The average values obtained
were multiplied by ten and expressed in g (Brasil, 2009).

The physiological quality of the seeds was determined by
the standard germination (SG), first germination (FG),
accelerated aging test (AA), modified cold (MC), emergency
speed index (MSI) and electric conductivity (EC). SG was
performed with four subsamples of 50 seeds for each
plot. The seeds were placed between three sheets of paper
towels moistened with distilled water, with an amount of
water equivalent to 2.5 times the mass of the dry paper
being used. Rolls were prepared, which were taken to the
Mangelsdorf germinator, which was regulated to maintain
a constant temperature of 25°C, where the rolls were kept
for a period of eight days. The results were expressed as
the percentage of normal seedlings (Brasil, 2009). FG
measured together with the SG, was used to compute the
percentage of normal seedlings obtained on the fifth day
after the onset of SG. (Brasil, 2009).

EC was performed using four subsamples of 50 seeds for
each plot. Initially, the seeds were placed in plastic cups
(200 mL) and weighed to an accuracy of 0.01 g. After the
seeds had been weighed, 75 mL deionized water was added
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to the plastic cups. These cups were kept in a germination
chamber (BOD) at 25 °C for 24 hours (Loeffler et al., 1988).
Afterwards, the electrical conductivity was measured in the
solution using a digital microprocessor conductivity meter
(model TEC-4MP), and the result was expressed pS cm' ¢!
(Vieira and Krzyzanowski, 1999).

MC was performed using germination paper as the
substrate, with water applied at a ratio 2.5 times the dry
weight of the paper, the same as with SG, and with four
replicates of 50 seeds evenly distributed throughout the
substrate, which was used to form the rolls. The rolls were
placed in plastic bags and then sealed with crepe tape. These
wete kept in a pre-adjusted BOD chamber at 10 °C, whete
they remained for five days. Then, the bags were opened,
and the rolls were placed in a Mangelsdorf-type germinator
set at 25°C for five days. The results were expressed as the
percentage of normal seedlings.

AAT was conducted with four subsamples of 50 seeds
per plot, which were arranged on a stainless-steel screen
inserted in plastic boxes (gerboxes) containing 40 mL of
deionized water. Subsequently, the boxes were taken to a
germinating chamber (BOD) at 42°C for 48 hours. After
this period, the seeds were submitted to the germination
test, as previously described. The evaluation was performed
on the fifth day after the start of the test, with the seedlings
considered normal being counted (Marcos Filho, 1999).
The results were expressed as a percentage.

The MSI was performed using four subsamples per
plot. The seeds were sown 3 cm deep in plastic boxes
containing moist washed sand. The test was conducted in
a drying oven with no light and temperature control. The
normal seedlings that had emerged were counted until the
emergency stabilization. MSI was calculated according to
Vieira & Krzyzanowski (1999).

For determination of their nutritional contents, the seeds
were washed with deionized water and then placed in
a drying oven with forced air circulation at 65 °C until
reaching a constant mass. After this process, the samples
were milled with a Wiley-type mill. To measure nitrogen
content (N), the Kjeldahl method (Silva, 2009) was used,
based on distillation-titration. An analytical balance was
used to weigh samples (0.100 g) previously ground in
90 mL digestion tubes. The reagents used in the digestion
consisted of a catalytic mixture composed of potassium
sulfate (KK, SO,) and copper sulfate (CuSO,) 10:1, added
directly to samples, as well as concentrated sulfuric acid
(H,SO,) and hydrogen peroxide (H,0,). For the distillation-
titration, 10 mol L' sodium hydroxide (NaOH), 10 g L
boric acid (H,BO,), and 0.02 mol I sulfuric acid (H,SO,)
were used.
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For determination of the phosphorus (P), potassium
(K), calcium (Ca), magnesium (Mg), sulfur (S), Zinc (Zn),
manganese (Mn) and boron (B), the samples were weighed
(0.250 g), added to Teflon tubes in which 6 mL of HNO,
was added, and allowed to stand for 30 min. Then, the
samples were digested on a wet basis in a microwave oven
at a temperature of 230 °C and 25 bar pressure. After
digestion, the samples were diluted and prepared for
analysis by the inductively coupled plasma atomic emission
spectrometry (ICP-OES) technique. This method is based
on the principles for analysis of the dissolved metals in the
solution (acid extraction) (Giné-Rosias, 1998).

Statistical analysis

The data from each site were submitted to the basic
assumptions for the analysis of variance (where the additive
mathematical model and the errors follow a normal
distribution, are independently distributed with azero mean,
and present a common variance) by the Shapiro-Wilk tests
(p<0.01) (normal distribution), and by Levene’s test (p <0.01).

Afterward, the data were submitted to variance analysis,
and the ratio between the means squaredfor each site were
compared by the Hartley test (Ramalho et al., 2000) for all
traits. When the mean square ratio was lower than 7:1, the
data were analyzed by joint analysis (Zimmerman, 2014)
using SAS software 9.4.

The averages of each site were conclusive according to the
F test (p <0.05). For the effect of the rates, these averages
were significant when submitted to regression analysis (p
<0.05). When the interaction between sites and rates was
significant, the same analyses as previously described were
used for the rates.

RESULTS AND DISCUSSION

Yield components

The joint variance analysis showed significance (p <0.05)
between sites for the traits FS, HP, NPP, TMS and YIE
(Table 3).

For rates, the traits NPP, TMS and YIE were significant.
NVP and PROD showed significant interactions between
sites and rates. Partitioning was performed to obtain the
best regression model for each site. However, even when
an interaction was not significant in the F-test, Partitioning
was performed to verify the noted significant differences.
Importantly, for most traits evaluated, the coefficients
of variation were low, indicating good precision of the
experiment.

The traits FS, HP, HIPF and NB did not present any
significant differences. These results differ from those of
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Kappes et al. (2008), who after applying similar products
to soybean plants, verified an increase in plant height.
The TMS showed significant differences among the
rates; however, the regression deviation, which measures
the quality of the regression, was also significant, and
adjustments to other models are necessary to better explain
this variation.

NPP and YIE were significant in Mariluz, although the
regression deviation was also significant; therefore, the
need exists to fit other models for the explanation of
the data variation. In Rancho Alegre d’Oeste, the NPP
increased linearly according to the rates. Each kilogram of
product applied increased the pods per plant by two with
76% certainty. The YIE was adjusted using a quadratic
model in which the highest YIE was 1,864 kg ha' with
the application of 1.27 kg ha™ of product, and 87% of
the results found are explained by this equation (Fig. 2).

Marin (2012) applied phosphate and has verified a
significant effect only for number of seeds per plant and
thousand grain mass, without differences for the stand
of plants, number of pods per plant and yield. Pela et al.
(2009) tested different sources of P foliar applications in a
greenhouse for a bean crop and verified yield increases for
all sources when compared with a control. Rezende et al.
(2005), using the same mode of application in the soybean
crop, found a significant increase of 16% in yield when
the commercial product (30% P) was applied in the V5
stage. Other evaluated traits, such as the nutrient content
in the leaves, lodging, and height of plants, did not present
significant differences.

Physiological seed quality

The joint variance analysis to verify the physiological quality
of the seeds revealed a significant effect (p <0.05) of site
for the traits SG, FG, MC, AA and EC (Table 4).

Only MSI showed a significant effect for the rates tested.
However, only AA showed significance for the interaction
between sites and rates. Even when the interaction was
not significant by the F-test, the partitioning of rates and
site factors was performed to verify possible significant
differences.

Although a significant interaction was observed among
sites and rates for MC, the variations of the results found
in Mariluz-PR (Fig 3A) are due to environmental variation,
whereas in Rancho Alegre d’Oeste other models that better
explain this variation must be applied.

A linear model was adjusted when analyzing the MSI,
with a positive angular coefficient being observed only
for Mariluz-PR, and in Rancho Alegre the variation in
the data occurred at random (Fig 3B), whereas 65% of
the variation of this result was explained by the linear
adjustment in Mariluz.

Dan et al. (2010) cite the importance of fast emergence
to the establishment of a stand in field conditions, and
MSI is an important index that is directly correlated with
high plant development, especially under conditions of
stress. Seeds with lower emergence speed take a longer
time to germinate and are more susceptible to attack by
soil pathogens (Goulart, 2004).

Table 3: Averages of final stand (FS), height of plants (HP), height of insertion of the first pod (HIFP), number of pods (NP), number

branches (NB), thousand mass seed (TMS) and yield (YIE)

FS HP HIFP NP NB TMS YIE

- cm - - g kg ha™
Mariluz 11.4° 40.72 3.22 40.52 156.2° 23907
Rancho Alegre d’Oeste 12.42 30.4° 2.9° 20.1° 169.72 1807°

Averages followed by the same letter in the column do not differ from each other at 5% significance by F test
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Fig 2. A) Number of pods per plant and B) soybean yield, obtained after foliar application of P, Ca, K and B in Rancho Alegre d’Oeste, Parana, Brazil
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Notably, foliar application of a product cannot be inferred
to increase the soybean seed physiological quality because
of a positive result in the MSI since more than one test
with a positive and significant result is necessary (Marcos
Filho 2005). Marin (2012), also concluded that viability and
vigor, as well as yield, were only significant at a rate 200%
higher than recommended.

Macro and micronutrient seed content

The joint variance analysis of the nutrients seed contents
revealed a significant effect of site (p <0.05) for all nutrients
other than N, K and Cu (Table 5).

Regarding rates applied, the nutrients P, K, Mg, S, Zn and B
presented significant responses. Even when the interactions
among factors were not significant in the F test, partitioning
was performed to verify possible significant differences.

For the P, the quadratic regression equation model provided
the explanation for the variation of the results in both

Table 4: Standard germination (SG), first germination (FG),
modified cold (MC), accelerated aging test (AA), emergence
speed index (MSI) and electrical conductivity (EC)

SG FG MC AA MSI EC
% % % % -- pUSS cm'!
Mariluz ~ 96.2° 96.2° 96.22 91.3° 33.6° 27.7°
Rancho  98.72 9842 953P 9582  33.12 24.32
Alegre
d’Oeste

Averages followed by the same letter in the same column do not differ from
each other at 5% significance by the F test

places, providing evidence that the commercial product
increases the levels of phosphorus in the seed in different
environments. The maximum concentration of P was
5.50 g kg'!, which was obtained at an application rate of
1.13 kg ha (Fig 4A).

Few studies exist in the literature regarding foliar P
application for soybean. Sfredo et al. (1997), in their
work with P, cobalt and molybdenum, concluded that
seeds with high phosphorus content may have higher
initial development, possibly influencing yield, especially
under conditions of environmental stress. This may
explain the results of Marin (2012), in which the yield
obtained from plants that received twice the rate of
P in soil fertilization were higher than the others. In
addition, Marin (2012) also concluded that high rates
of P contribute to the increase in the P, Fe and Zn
contents in the seed.

Trigo etal. (1997) found an increase in seedling dry matter,
plant height, number of seeds per plant, thousand seed
mass and yield after applications that yielded an increase
in the P content in seeds. These authors also reported that
the P content in the seed, especially under conditions of
low availability of this nutrient in the soil, may be relevant
to the initial establishment of the crop.

Teixeira (1994), in studies with bean seeds containing
different concentrations of P, observed that seeds
containing a higher content of this nutrient were less

Table 5: Nitrogen (N), phosphorus (P), calcium (Ca), magnesium (Mg), sulfur (S), zinc (Zn), manganese (Mn), iron (Fe), copper (Cu)
and boron (B) seed content after foliar fertilizer application in Mariluz and Rancho Alegre d’Oeste

N P K Ca Mg S Zn Mn Fe Cu B
g kg" mg kg
Mariluz 58.22 4.92 16.12 2.62 3.02 2.6° 28.8° 26.7° 87.02 12.52 25.9°
Rancho Alegre d’Oeste 58.82 4.1° 16.22 1.9° 2.8° 1.6° 36.82 38.42 78 12.52 24.9°

Averages followed by the same letter in the same column do not differ from each other at 5% significance by F test
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Fig 3. A) Percentage of normal seedlings in modified cold test and B) emergence speed index, obtained after foliar application of P, Ca, K and

Bin Mariluz and Rancho Alegre d’Oeste.
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Fig 4. A) P, B) K, C) Ca, D) Mg, E) S, F) Zn and G) B seed contents after foliar application of P, Ca, K and B in Mariluz and Rancho Alegre d’Oeste

dependent on the phosphate fertilization in the soil. In
addition, these seeds with higher levels of P produced more
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and heavier nodules, which reflected a higher biological N
fixation, compared to seeds of low P content.
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Regarding K, a quadratic adjustment was observed in
Mariluz, with maximum K content (16.4 g kg™') obtained
with the rate of 1.11 kg ha' (Fig 4B). Importantly, the
content of this nutrient in the soil is low (Embrapa, 2013);
therefore, the foliar application functioned as a preventive
fertilization according to Rosolem (2002). In Rancho Alegre
d’Oeste, the variation in the data was random.

In Mariluz, for the Ca and Mg contents, no models were
found to explain the agronomic variation in the results
(Fig. 4C and 4D). A quadratic adjustment was found for S
and Zn content (Fig 4E and 4F), however, with maximum
concentrations of 2.59 gkg™ and 37.41 mg kg, respectively,
being obtained with applications of 1.33 and 1.09 kg ha
'of product.

A linear regression equation model was the best for
explaining the variation in the results in Mariluz for B
(Fig 4G). The higher the applied rate of B, the higher the
content of this element in the seed. On the other hand,
in Rancho Alegre d’Oeste, other models were needed to
better explain the variation in the results.

CONCLUSION

The foliar application of fertilizer containing P, Ca, K
and B did not influence the HIPF, HP, NB and TMS. In
Rancho Alegre d’Oeste, the NPP increased linearly with the
application of foliar fertilizer, and therefore, the yield also
increased. Even when the MSI increased in Mariluz-PR, the
physiological quality of the soybean seed of cultivar NA 5909
RG was not significantly affected, although the seeds reached
the quality necessary to be commercialized at both sites.
Regarding the nutritional contents in the seeds, the foliar
application of the fertilizer influenced the following nutrients
positively: P (both sites), K, S, Zn and B (Mariluz-PR).
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